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(54) IMAGING APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compact imaging apparatus provided with a 
high performance and high magnifying power zoom lens system. 

SOLUTION: The imaging apparatus is provided with a zoom lens system having a 
plurality of lens groups for continuously optically forming the optical image of an object 
so as to vary power by changing intervals between a plurality of the lens group and an 



imaging device for converting the optical image formed by the zoom lens system to 
electric signals. The zoom lens system is provided with a first lens group having 
negative power as a whole and having a reflection surface for bending a luminous flux 
for about 90** and a second lens group arranged with a changeable air interval from the 
first lens group and having power in the order fi:om an object side. The first lens group 
is composed of a negative lens element having the negative power and the reflection 
surface in the order from the object side. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

It is image pick-up equipment equipped with the image sensor which changes 
into an electrical signal the optical image which the zoom lens system which 
forms an objective optical image possible [ variable power ] optically 
continuously, and the zoom lens system formed by having two or more lens 
groups and changing spacing of this plurality lens between groups, 
Said zoom lens system is in the order from a body side, 

The 1st lens group including the reflector which has negative power as a whole 
and bends the flux of light 90 degrees of abbreviation, 



Air spacing which can change between said 1st lens groups is separated, it is 

arranged, and the 2nd lens group which has power is included, 

the negative lens component for which said 1st lens group has negative power 

sequentially from a body side, and a reflector - since - the image pick-up 

equipment characterized by becoming. 

[Claim 2] 

Image pick-up equipment according to claim 1 characterized by the 1st lens 
group of said zoom lens system consisting of the 1st lens element which has 
negative power, and a reflector sequentially from a body side. 
[Claim 3] 

Image pick-up equipment according to claim 1 to 3 with which the 1st lens group 
of said zoom lens system is characterized by being fixed to the image surface on 
the occasion of variable power. 
[Claim 4] 

Image pick-up equipment according to claim 1 to 3 most characterized by the 
field by the side of an Image, and arranging [ of said zoom lens system ] the 
optical low pass filter between said image sensors. 
[Claim 5] 



The digital camera equipped with claim 1 thru/or one image pick-up equipment 



of 4. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 



[0001] 

[The technical field to which invention belongs] 

This invention The optical image formed on light-receiving sides, such as CCD 
(Charge Coupled Device charge-coupled device) and a CMOS sensor 
(Complementary Metal-oxide Semiconductor complementary metal oxide 
semiconductor sensor) It is related with image pick-up equipment equipped with 
the image sensor changed into an electrical signal. Especially, a digital camera; 
it is related with a personal computer, a mobile computer, a cellular phone, an 
information personal digital assistant (PDA:Personal Digital Assistance), etc. at 
the image pick-up equipment which is the main component of built-in or the 
camera by which external is carried out. It is related with small image pick-up 
equipment equipped with the zoom lens system especially in detail. 
[0002] 

[Description of the Prior Art] 

In recent years, image sensors, such as CCD and a CMOS sensor, are used 
instead of a silver halide film, an optical image is changed into an electrical 
signal, and the digital camera which digitizes, records or transmits the data is 
spreading quickly. In such a digital camera, in order to offer comparatively 



cheaply CCD which has high pixels, such as 2 million pixels and 3 million pixels, 
and a CMOS sensor recently, it is anxious for the compact image pick-up 
equipment with which the need over the highly efficient image pick-up equipment 
equipped with an image sensor is growing very much and which carried the 
zoom lens system in which variable power is possible, without getting down and 
degrading image quality especially. 
[0003] 

Furthermore, in recent years, by improvement in image-processing capacity, 
such as a semiconductor device, external is carried out and image pick-up 
equipment is accelerating the personal computer, the mobile computer, the 
cellular phone, the information personal digital assistant (PDAiPersonal Digital 
Assistance), etc. at built-in or the need over highly efficient image pick-up 
equipment. 
[0004] 

Many zoom lens systems of the so-called negative lead in which the lens group 
arranged most at the body side has negative power as a zoom lens system used 
for such image pick-up equipment are proposed. Wide-angle-izing is easy for the 
zoom lens system of a negative lead, and it has the description of being easy to 



secure the lens back required for insertion of an optical low pass filter. 
[0005] 

As a zoom lens system of a negative lead, there is a zoom lens system 
proposed as a taking-lens system of the camera for silver halide films from the 
former. However, since the exit pupil location of the lens system in the shortest 
focal distance condition was comparatively located near the image surface, 
especially these zoom lens systems did not have consistency with the pupil of 
the micro lens prepared corresponding to each pixel of the image sensor which 
has especially a high pixel, but had the problem that the amount of ambient light 
could not fully secure. Moreover, since an exit pupil location was sharply 
changed at the time of variable power, the problem of being difficult also had a 
setup of the pupil of a micro lens. Moreover, primarily, with a silver halide film 
and an image sensor, since optical-character ability, such as spatial frequency 
characteristics called for, completely differed, sufficient optical-character ability 
required of an image sensor was not securable. For this reason, it will be 
necessary to develop the zoom lens system of the dedication optimized by 
image pick-up equipment equipped with the image sensor. 
[0006] 



On the other hand, since image pick-up equipment is miniaturized, the zoom 
lens system was bent in the middle of the optical path, and drawing or ****** has 
accomplished miniaturization, without changing the optical path length. For 
example, in the zoom lens system of a negative lead, after establishing a 
reflector on an optical path and bending 90 degrees of abbreviation, the image 
pick-up equipment which forms an optical image on an image sensor through a 
migration lens group is proposed by JP,11-196303,A. After the image pick-up 
equipment of this official report indication establishes a reflector in the image 
side of the fixed lens element of a negative meniscus configuration and bends 
an optical path 90 degrees of abbreviation in this reflector, it has the 
configuration which results in an image sensor through two movable positive 
lens groups and the positive lens group of immobilization. 
[0007] 

Moreover, as another example, after establishing a reflector in the fixed lens 
element [ of a negative meniscus configuration ], and image side of a movable 
positive lens group and bending an optical path 90 degrees of abbreviation in 
this reflector, the configuration which results in an image sensor through a 
positive lens group is indicated by JP,1 1-258678, A. 



[0008] 

[Problem(s) to be Solved by the Invention] 

However, in the two above-mentioned official reports, only the configuration of a 
camera cone was indicated but there was a problem that the configuration of a 
concrete zoom lens system was unknown. Unless the zoom lens system which 
occupies the biggest space in volume with image pick-up equipment equipped 
with the zoom lens system is optimized, it is difficult to attain the whole 
miniaturization. 
[0009] 

This invention aims at offering compact image pick-up equipment, it being highly 
efficient and having a high scale-factor zoom lens system in view of the above 
technical problem. 
[0010] 

[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, the image pick-up 
equipment concerning this invention The zoom lens system which forms an 
objective optical image possible [ variable power ] optically continuously by 
having two or more lens groups and changing spacing of this plurality lens 



between groups, It is image pick-up equipment equipped with the image sensor 
which changes into an electrical signal the optical image which the zoom lens 
system formed. Said zoom lens system The 1st lens group including the reflector 
which has negative power as a whole in order from a body side, and bends the 
flux of light 90 degrees of abbreviation, the negative lens component for which 
said 1st lens group has negative power sequentially from a body side including 
the 2nd lens group which separates air spacing which can change between said 
1st lens groups, is arranged, and has power, and a reflector - since - it is 
characterized by becoming. 
[0011] 

Moreover, another side face of this invention is characterized by being a digital 
camera containing the above-mentioned image pick-up equipment. In addition, 
conventionally, although the word of a digital camera had pointed out what 
records an optical still picture chiefly, the thing and the digital camcorder for 
home use which can treat an animation to coincidence are also proposed, and it 
Is not distinguished especially now and is becoming. Therefore, the word of a 
digital camera shall contain hereafter all the cameras that use as a main 
component image pick-up equipment equipped with the image sensor which 



changes into an electrical signal the optical image formed on the light-receiving 
side of image sensors, such as a digital still camera and a digital movie. 
[0012] 

[Embodiment of the Invention] 

Hereafter, 1 operation gestalt of this invention is explained with reference to a 

drawing. 

[0013] 

as shown in drawing 19 , the image pick-up equipment which is 1 operation 
gestalt of this invention comes out sequentially from a body side (photographic 
subject side) with the image sensor SR which changes into an electric signal the 
optical image formed of the zoom lens system which forms an objective optical 
image possible [ variable power ], and TL, the optical low pass filter LPF and the 
zoom lens system TL, and is constituted. Moreover, the zoom lens system 
contains the 1st lens group Gri which has the prism PR which has a reflector 
inside, and the lens group which follows. Image pick-up equipment is the main 
component of built-in or the camera by which external is carried out at a digital 
camera; video camera; personal computer, a mobile computer, a cellular phone, 
an information personal digital assistant (PDArPersonal Digital Assistance), etc. 



[0014] 

The zoom lens system TL consists of two or more lens groups containing the 1st 
lens group Gri, and it is possible by changing spacing between each lens group 
to change the magnitude of an optical image. The 1st lens group Gri has 
negative power, and has the prism PR which bends the optical axis of body light 
90 degrees of abbreviation inside. 
[0015] 

The optical low pass filter LPF has the specific cut-off frequency for canceling 
the color moire which adjusts the spatial frequency characteristics of a 
taking-lens system, and is generated with an image sensor. The optical low pass 
filter of an operation gestalt is a birefringence mold low pass filter created by 
carrying out the laminating of the wavelength plate to which birefringence 
ingredients and plane of polarization, such as Xtal adjusted in the predetermined 
direcfion in the crystallographic axis, are changed. In addition, the phase mold 
low pass filter which attains the property of required optical cut-off frequency 
according to the diffraction effect as an optical low pass filter may be adopted. 
[0016] 

An image sensor SR consists of CCD which has two or more pixels, and 



changes into an electrical signal the optical image which the zoom lens system 
formed by CCD. Predetermined digital image processing, picture compression 
processing, etc. are performed to the signal generated with the image sensor SR 
if needed, it is recorded on memory (semiconductor memory, optical disk, etc.) 
as a digital video signal, a cable is minded depending on the case, or it is 
changed into an infrared signal, and is transmitted to other devices. In addition, a 
CMOS sensor (Complementary Metal-oxide Semiconductor) may be used 
instead of CCD. 
[0017] 

Drawing 1 thru/or drawing 9 are the block diagrams showing lens arrangement in 
the shortest focal distance condition of the zoom lens system contained in the 
image pick-up equipment of the 1st thru/or the 9th operation gestalt of this 
invention. In addition, in each drawing, the prism PR which has an internal 
reflection side is expressed with an parallel plate, and the optical path is 
expressed linearly. 
[0018] 

Monotonous PR in which the zoom lens system of the 1st operation gestalt is 
equivalent to the 1st lens element LI which is from the negative meniscus lens 



to which the convex was turned on a body side, and prism in order from a body 
side to an image side, since - with the 1st lens group Gr1 constituted, and the 
2nd lens element L2 of both the concave configuration and the 3rd lens element 
L3 of a forward meniscus configuration which turned the convex to the body side 
since with the 3rd lens group Gr3 which consists of 1st cemented lens 
components DL 1 which come to join the 2nd lens group Gr2 constituted, and 
Diaphragm ST, the 4th lens element L4 of both the convex configuration and the 
5th lens element L5 of both the concave configuration the 5th lens group Gr5 
which consists of a 4th lens group Gr4 which consists of 6th lens element L6 of a 
foHA^ard meniscus configuration which turned the concave surface to the body 
side, and the 7th lens element L7 of a negative meniscus configuration which 
turned the concave surface to the body side — since — it is constituted. 
Furthermore, parallel monotonous LPF equivalent to an optical low pass filter is 
arranged at the image side of the 5th lens group Gr5 of this zoom lens system. 
[0019] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. Are fixed to the image surface, and 
draw the locus of the letter of U-turn of a convex, and the 2nd lens group Gr2 



moves it to an image side, as the 1st lens group Gr1 moves to a body side once 
moving to an image side. The 3rd lens group Gr3 moves to a body side almost in 
monotone united with the diaphragm ST arranged at the body side of the 3rd 
lens group Gr3. The 4th lens group Gr4 moves to an image side almost in 
monotone, and the 5th lens group Gr5 is being fixed to the image surface with 
parallel monotonous LPF arranged at the image side of the 5th lens group Gr5. 
[0020] 

Both sides of the 2nd lens element L2, the image side face of 6th lens element 
L6, and the body side face of the 7th lens element L7 have the aspheric surface 
configuration among the fields of a lens element, respectively. 
[0021] 

Monotonous PR by which the zoom lens system of the 2nd operation gestalt is 
equivalent to the 1st lens element LI which is from the negative meniscus lens 
to which the convex was turned on a body side, and prism in order from a body 
side to an image side. The 1st lens group Gri which consists of the 2nd lens 
element L2 of a fon^/ard meniscus configuration which turned the convex to the 
body side, The 3rd lens element L3 of a negative meniscus configuration which 
turned the convex to the body side, and the 4th lens element L4 of a forward 



meniscus configuration which turned the convex to the body side, since - with 
the 3rd lens group Gr3 which consists of 1st cemented lens components DL 1 
which come to join the 2nd lens group Gr2 constituted, and Diaphragm ST, the 
5th lens element L5 of both the convex configuration and 6th lens element L6 of 
both the concave configuration the 5th lens group Gr5 which consists of a 4th 
lens group Gr4 which consists of the 7th lens element L7 of a forward meniscus 
configuration which turned the concave surface to the body side, and the 8th 
lens element L8 of a negative meniscus configuration which turned the convex to 
the body side - since - it is constituted. Furthermore, parallel monotonous LPF 
equivalent to an optical low pass filter is arranged at the image side of the 5th 
lens group Gr5 of this zoom lens system, 
[0022] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. Are fixed to the Image surface, and 
draw the locus of the letter of U-turn of a convex, and the 2nd lens group Gr2 
moves it to an image side, as the 1st lens group Gri moves to a body side once 
moving to an image side. The 3rd lens group Gr3 moves to a body side almost in 
monotone united with the diaphragm ST arranged at the body side of the 3rd 



lens group Gr3. The 4th lens group Gr4 moves to an image side almost in 
monotone, and the 5th lens group Gr5 is being fixed to the image surface with 
parallel monotonous LPF arranged at the image side of the 5th lens group Gr5. 
[0023] 

The body side face of the 1st lens element L1, both sides of the 3rd lens element 
L3, the image side face of the 7th lens element L7, and the body side face of the 
8th lens element L8 have the aspheric surface configuration among the fields of 
a lens element, respectively. 
[0024] 

Monotonous PR in which the zoom lens system of the 3rd operation gestalt is 
equivalent to the 1st lens element LI which is from the negative meniscus lens 
to which the convex was turned on a body side, and prism in order from a body 
side to an image side, since - with the 1st lens group Gri constituted, the 2nd 
lens element L2 of a negative meniscus configuration which turned the convex to 
the body side, and the 3rd lens element L3 of a forward meniscus configuration 
which turned the convex to the body side since - with the 3rd lens group Gr3 
which consists of 1st cemented lens components DL 1 which come to join the 
2nd lens group Gr2 constituted, and Diaphragm ST, the 4th lens element L4 of 



both the convex configuration and the 5th lens element L5 of both the concave 
configuration the 5th lens group Gr5 which consists of a 4th lens group Gr4 
which consists of 6th lens element L6 of a forward meniscus configuration which 
turned the concave surface to the body side, and the 7th lens element L7 of a 
negative meniscus configuration which turned the convex to the body side — 
since - it is constituted. Furthermore, parallel monotonous LPF equivalent to an 
optical low pass filter is arranged at the image side of the 5th lens group Gr5 of 
this zoom lens system. 
[0025] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. Are fixed to the image surface, and 
draw the locus of the letter of U-turn of a convex, and the 2nd lens group Gr2 
moves it to an image side, as the 1st lens group Gr1 moves to a body side once 
moving to an image side. The 3rd lens group Gr3 moves to a body side almost in 
monotone united with the diaphragm ST arranged at the body side of the 3rd 
lens group Gr3. The 4th lens group Gr4 moves to an image side almost in 
monotone, and the 5th lens group Gr5 is being fixed to the image surface with 
parallel monotonous LPF arranged at the image side of the 5th lens group Gr5. 



[0026] 

Both sides of the 2nd lens element L2, the image side face of the 5th lens 
element L5, and both sides of 6th lens element L6 have the aspheric surface 
configuration among the fields of a lens element, respectively. 
[0027] 

Monotonous PR in which the zoom lens system of the 4th operation gestalt is 
equivalent to the 1st lens element L1 which is from the negative meniscus lens 
to which the convex was turned on a body side, and prism in order from a body 
side to an image side, since -- with the 1st lens group Gri constituted, the 2nd 
lens element L2 of a negative meniscus configuration which turned the convex to 
the body side, and the 3rd lens element L3 of a forward meniscus configuration 
which turned the convex to the body side since - with the 2nd lens group Gr2 
constituted, and Diaphragm ST and the 4th lens element L4 of both the convex 
configuration The 3rd lens group Gr3 which consists of 1st cemented lens 
components DL 1 which come to join 6th lens element L6 of a negative 
meniscus configuration which turned the concave surface to the body side to the 
5th lens element L5 of a forward meniscus configuration which turned the 
concave surface to the body side, the 4th lens group Gr4 which consists of the 



7th lens element L7 of both the convex configuration - since - it is constituted. 
Furthermore, parallel monotonous LPF equivalent to an optical low pass filter is 
arranged at the image side of the 4th lens group Gr4 of this zoom lens system. 
[0028] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. Are fixed to the image surface, and 
draw the locus of the letter of U-turn of a convex, and the 1st lens group Gr1 
moves it to an image side, as it once moves to an image side and the 2nd lens 
group Gr2 moves to a body side later. The 3rd lens group Gr3 United with the 
diaphragm ST arranged at the body side of the 3rd lens group Gr3, it moves to a 
body side almost in monotone, and the 4th lens group Gr4 moves to an image 
side almost in monotone, and parallel monotonous LPF is being fixed to the 
image surface. 
[0029] 

Both sides of the 2nd lens element L2, the image side face of 6th lens element 
L6, and both sides of the 7th lens element L7 have the aspheric surface 
configuration among the fields of a lens element, respectively. 
[0030] 



Monotonous PR in which the zoom lens system of the 5th operation gestalt is 
equivalent to the 1st lens element L1 which is from the negative meniscus lens 
to which the concave surface was turned on a body side, and prism in order from 
a body side to an image side, since - with the 1st lens group Gri constituted, the 
2nd lens element L2 of a negative meniscus configuration which turned the 
convex to the body side, and the 3rd lens element L3 of a forward meniscus 
configuration which turned the convex to the body side since - with the 3rd lens 
group Gr3 which consists of 1st cemented lens components DL 1 which come to 
join the 2nd lens group Gr2 constituted, and Diaphragm ST. the 4th lens element 
L4 of both the convex configuration and the 5th lens element L5 of both the 
concave configuration the 4th lens group Gr4 which consists of 6th lens element 
L6 of a foHA/ard meniscus configuration which turned the convex to the body side 
- since - it is constituted. Furthermore, parallel monotonous LPF equivalent to 
an optical low pass filter is arranged at the image side of the 4th lens group Gr4 
of this zoom lens system. 
[0031] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. Are fixed to the image surface, and 



draw the locus of the letter of U-turn of a convex, and the 2nd lens group Gr2 
moves it to an image side, as the 1st lens group Gri moves to a body side once 
moving to an image side. The 3rd lens group Gr3 moves to a body side almost in 
monotone united with the diaphragm ST arranged at the body side of the 3rd 
lens group Gr3, the 4th lens group Gr4 moves to an image side almost in 
monotone, and parallel monotonous LPF is being fixed to the image surface. 
[0032] 

Both sides of the 2nd lens element L2, the image side face of the 5th lens 
element L5, and both sides of 6th lens element L6 have the aspheric surface 
configuration among the fields of a lens element, respectively. 
[0033] 

Monotonous PR by which the zoom lens system of the 6th operation gestalt is 
equivalent to the 1st lens element LI which is from the negative meniscus lens 
to which the convex was turned on a body side, and prism in order from a body 
side to an Image side, the 2nd lens element L2 of a negative meniscus 
configuration which turned the convex to the body side, and the 3rd lens element 
L3 of a forward meniscus configuration which turned the convex to the body side 
— since — with the 1st lens group Gri constituted The 2nd lens group Gr2 which 



consists of 1st cemented lens components DL 1 which come to join drawing ST, 
and the 4th lens element L4 of both the convex configuration and the 5th lens 
element L5 of both the concave configuration, the 4th lens group Gr4 which 
consists of 6th lens element L6 of a negative meniscus configuration which 
turned the concave surface to the body side, and the 7th lens group Gr5 which 
consists of the 7th lens element L7 of a negative meniscus configuration which 
turned the concave surface to the body side - since - it is constituted. 
Furthermore, parallel monotonous LPF equivalent to an optical low pass filter is 
arranged at the image side of the 4th lens group Gr4 of this zoom lens system. 
[0034] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. As the 1st lens group Gri moves to a 
body side once moving to an image side, the locus of the letter of U-turn of a 
convex is drawn, and it moves to an image side. The 2nd lens group Gr2 United 
with the diaphragm ST arranged at the body side of the 2nd lens group Gr2, it 
moves to a body side almost in monotone, and the 3rd lens group Gr3 moves to 
an image side almost In monotone, and the 4th lens group Gr4 is being fixed to 
the image surface with parallel monotonous LPF. 



[0035] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 2nd lens element L2, the image side face of 
the 5th lens L5, and the body side face of 6th lens element L6. 
[0036] 

The 1st lens group Gr1 by which the zoom lens system of the 7th operation 
gestalt is constituted from monotonous PR by which it is equivalent to the 1st 
lens element L1 of both the concave configuration, and prism in order from a 
body side to an image side, The 2nd lens element L2 of a fonA^ard meniscus 
configuration which turned the convex to the body side, and the 3rd lens element 
L3 of a negative meniscus configuration which turned the convex to the body 
side, It extracts, since - it has been arranged between the 2nd lens group Gr2 
constituted, and this 2nd lens element L2 and the 3rd lens element L3 - with ST 
the 3rd lens group Gr3 which consists of the 4th lens element L4 of both the 
convex configuration, the 5th lens element L5 of a negative meniscus 
configuration which turned the convex to the body side, and the 4th lens group 
Gr4 which consists of 6th lens element L6 of both the convex configuration - 
since — it is constituted. Furthermore, parallel monotonous LPF equivalent to an 



optical low pass filter is arranged at the image side of the 4th lens group Gr4 of 

this zoom lens system. 

[0037] 

On the occasion of zooming from the shortest focal distance condition to the 
longest focal distance condition, the 1st lens group Gr1 is fixed to the image 
surface, this zoom lens system is moved to a body side almost in monotone [ the 
2nd lens group Gr2 ], the 3rd lens group Gr3 moves to a body side almost in 
monotone united with Diaphragm ST, and the 4th lens group Gr4 is being fixed 
to the image surface with parallel monotonous LPF. 
[0038] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 1st lens element LI , the body side face of the 
2nd lens element L2 and both sides of the 3rd lens L3, and the image side face 
of 6th lens element L6. 
[0039] 

The 1st lens group Gri by which the zoom lens system of the 8th operation 
gestalt is constituted from monotonous PR by which it is equivalent to the 1st 
lens element LI of both the concave configuration, and prism in order from a 



body side to an image side, The 2nd lens element L2 of a forward meniscus 
configuration which turned the convex to the body side, and the 3rd lens element 
L3 of a negative meniscus configuration which turned the convex to the body 
side, It extracts, since - it has been arranged between the 2nd lens group Gr2 
constituted, and this 2nd lens element L2 and the 3rd lens element L3 - with ST 
the 3rd lens group Gr3 which consists of the 4th lens element L4 of both the 
convex configuration, the 5th lens element L5 of a negative meniscus 
configuration which turned the concave surface to the body side, and the 4th 
lens group Gr4 which consists of 6th lens element L6 of both the convex 
configuration - since - it is constituted. Furthermore, parallel monotonous LPF 
equivalent to an optical low pass filter is arranged at the image side of the 4th 
lens group Gr4 of this zoom lens system. 
[0040] 

On the occasion of zooming from the shortest focal distance condition to the 
longest focal distance condition, the 1st lens group Gr1 is fixed for this zoom 
lens system to the image surface. The 2nd lens group Gr2 It extracts drawing the 
locus of a convex on a body side, and moves to a body side united with ST, and 
the 3rd lens group Gr3 moves to a body side almost in monotone, the 4th lens 



group Gr4 moves to an image side almost in monotone, and parallel 

monotonous LPF is being fixed to the image surface. 

[0041] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. As the 1st lens group Gr1 moves to a 
body side once moving to an image side, the locus of the letter of U-turn of a 
convex is drawn, and it moves to an image side. The 2nd lens group Gr2 United 
with the diaphragm ST arranged at the body side of the 2nd lens group Gr2, it 
moves to a body side almost in monotone, and the 3rd lens group Gr3 moves to 
an image side almost in monotone, and the 4th lens group Gr4 is being fixed to 
the image surface with parallel monotonous LPF. 
[0042] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 1st lens element L1 , the body side face of the 
2nd lens element L2 and both sides of the 3rd lens L3, and the image side face 
of 6th lens element L6. 
[0043] 

The 1st lens group Gri by which the zoom lens system of the 9th operation 



gestalt is constituted from monotonous PR by which it Is equivalent to the 1st 
lens element LI of both the concave configuration, and prism in order from a 
body side to an image side, The 2nd lens group Gr2 which consists of the 2nd 
lens element L2 of a forward meniscus configuration which turned the convex to 
the body side, Drawing ST and the 3rd lens group Gr3 which consists of the 3rd 
lens element L3 of a negative meniscus configuration which turned the convex to 
the body side, the 5th lens group Gr5 which consists of a 4th lens group Gr4 
which consists of the 4th lens element L4 of both the convex configuration, the 
5th lens element L5 of a negative meniscus configuration which turned the 
convex to the body side, and 6th lens element L6 of a forward meniscus 
configuration which turned the convex to the body side - since — it is constituted. 
Furthermore, parallel monotonous LPF equivalent to an optical low pass filter is 
arranged at the image side of the 5th lens group Gr5 of this zoom lens system. 
[0044] 

On the occasion of zooming from the shortest focal distance condition to the 
longest focal distance condition, the 1st lens group Gri is fixed for this zoom 
lens system to the image surface. The 2nd lens group Gr2 It extracts drawing the 
locus of a convex on a body side, and moves to a body side united with ST, and 



the 3rd lens group Gr3 moves to a body side almost in monotone, the 4th lens 
group Gr4 moves to a body side almost in monotone, and the 5th lens group Gr5 
is being fixed to the image surface with parallel monotonous LPF. 
[0045] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 1st lens element L1, the body side face of the 
2nd lens element L2 and both sides of the 3rd lens L3, and the image side face 
of 6th lens element L6. 
[0046] 

The zoom lens system of each operation gestalt is equipped with Rhythm PR so 
that It may have the reflector which bends the optical axis of body light 90 
degrees of abbreviation in the interior of the 1st group. Thus, it becomes 
possible by bending the optical axis of body light 90 degrees of abbreviation to 
attain thin shape-ization on the appearance of image pick-up equipment. 
[0047] 

When a digital camera is considered for an example, image pick-up equipment 
including a zoom lens system occupies the biggest volume in equipment, the 
zoom lens system by which the magnitude of the thickness direction of a camera 



is especially contained in image pick-up equipment like a film camera 
conventional with a digital camera lens shutter type when optical elements 
contained in a zoom lens system, such as a lens and a diaphragm, are arranged 
linearly, without changing the direction of an optical axis it is most determined 
as a matter of fact in the magnitude from the configuration by the side of a body 
to an image sensor. However, the aberration amendment level of image pick-up 
equipment is also improving by leaps and bounds with a raise in a pixel to an 
image sensor in recent years. For this reason, the thing to which the number of 
sheets of the lens element of the zoom lens system contained in image pick-up 
equipment is also increasing steadily and for which a thin shape is attained also 
in the time (the so-called collapsed state) of un-using it for the thickness of a lens 
element is difficult. 
[0048] 

On the other hand, since it becomes possible to make [ by adopting the 
configuration which bends the optical axis of body light 90 degrees of 
abbreviation according to a reflector like the zoom lens system of each operation 
gestalt ] small most magnitude of the thickness direcfion of image pick-up 
equipment to the magnitude from the lens by the side of a body to a reflector at 



the time of un-using it, it becomes possible to attain thin shape-ization on the 
appearance of image pick-up equipment. IVIoreover, since the optical path of 
body light can be piled up near the reflector by adopting the configuration which 
bends the optical axis of body light 90 degrees of abbreviation according to a 
reflector, space can be used effectively and the further miniaturization of image 
pick-up equipment can be attained. 
[0049] 

As for the location of a reflector, it is desirable that it is the 1st lens group Gr1 
interior. By arranging to the 1st lens group Gri interior arranged most at the 
body side, it becomes possible to make magnitude of the thickness direction of 
image pick-up equipment into min. 
[0050] 

As for the 1st lens group Gri in which a reflector is included, it is desirable to 
have negative power. When the 1st lens group Gri has negative power, it 
becomes possible to make magnitude of the reflector in a reflector location small. 
Moreover, a zoom lens system becomes the so-called negative lead type by 
adopting the configuration whose 1st lens group Gri has negative power As for 
a negative lead type zoom lens system, in a large focal distance field, it becomes 



easy and is desirable to attain image side tele cent rucksack nature required for 
the optical system for being easy to take a retro focus type configuration, and 
forming an optical image in an image sensor. 
[0051] 

Although (a) internal reflection prism (operation gestalt), (b) surface reflecting 
prism, (C) internal reflection monotonous mirror, a (d) surface reflective mirror, 
and ******** may be used for a reflector, its (a) internal reflection prism is the 
optimal. In order that body light may pass through the inside of the medium of 
prism by adopting internal reflection prism, the spacing at the time of penetrating 
prism turns into a short conversion spacing from spacing more nearly physical 
than the usual air spacing according to the refractive index of a medium. For this 
reason, when internal reflection prism is adopted as a configuration of a reflector, 
an equivalent configuration can be attained in a compacter tooth space, and it is 
optically desirable. 
[0052] 

When it constitutes a reflector from internal reflection prism, as for the quality of 

the material of prism, it is desirable to satisfy the following conditions. 

[0053] 



Np>=1,55 .... (1) 
It corrects, 

Np is the refractive index of tlie quality of the material of prism, 

It comes out. 

[0054] 

If the refractive index of prism turns around the above-mentioned range the 
bottom, the contribution to miniaturization becomes small and is not desirable. 
[0055] 

Furthermore, it is desirable that it is in the following range in addition to the 

above-mentioned range. 

[0056] 

Np>=1.7 .... (iy 

Moreover, a reflector may not be a perfect total reflection side. Some reflection 
factors are suitably adjusted among reflectors, it is made to branch and 
incidence of a part of body light may be carried out to the sensor for a 
photometry or ranging. Furthermore, the reflection factor of the whole reflector 
surface may be adjusted suitably, and finder light may be branched. 
Furthermore, with each operation gestalt, although each of plane of incidence of 



prism and outgoing radiation sides is flat surfaces, you may be a field with power. 
[0057] 

As for a body side, it is more desirable than a reflector to consist of lens 
elements of one sheet. Since the substantial thickness of optical system will be 
determined by the structure of having Rhythm PR, at spacing from the body side 
face of the lens arranged most at the body side to a reflector so that it may have 
the reflector which bends the optical axis of body light 90 degrees of 
abbreviation in the interior of the 1st group, it becomes possible from a reflector 
to acquire thin optical system by constituting the configuration by the side of a 
body from a lens element of one sheet. Moreover, the degree of freedom of a 
camera cone configuration can be made to increase, and low cost-ization of 
image pick-up equipment can be attained. 
[0058] 

Furthermore, as for the 1st lens group Gri , it is desirable at the time of variable 
power that it is immobilization to the image surface. While needing a big tooth 
space when it is made to move since the reflector is included in the 1st lens 
group Gri , when the reflector is especially constituted from prism, prism with big 
weight must be moved, a drive will be forced a big burden, and it is not desirable. 



Moreover, by making the 1st lens group Gr1 immobilization to the image surface 
at the time of variable power, the optical system which does not carry out 
overall-length change can be acquired, and it is desirable. Moreover, a camera 
cone configuration can also be simplified and it becomes possible to attain low 
cost-ization of the whole image pick-up equipment. Furthermore, since 
initialization of the control system for control of a migration group becomes easy 
especially in a digital camera at the time of a zoom by adopting the configuration 
which fixes the 1st lens group Gri at the time of zooming, It becomes [ to shorten 
time amount required by the condition which can be photoed ] possible from the 
time of a main power supply ON and is desirable. 
[0059] 

The configuration which also makes negative power the 2nd lens group Gr2 
following the 1st lens group Gr1 which has negative power is used for the zoom 
lens system of each operation gestalt. It is easy to adopt the configuration which 
makes the above-mentioned 1st lens group immobilization by this configuration 
and is desirable. 
[0060] 

As for the zoom lens system of each operation gestalt, it is desirable to satisfy 



the following conditions. 
[0061] 

Next, conditions with desirable the gestalt of each operation being satisfied are 
explained. In addition, although it is possible to attain the operation effectiveness 
corresponding to it if each conditions that the following explains are satisfied 
independently, respectively, it cannot be overemphasized that it is more more 
desirable from optical-character ability and a viewpoint of a miniaturization to 
satisfy two or more conditions. 
[0062] 

As for the zoom lens system of each operation gestalt, it is desirable to satisfy 

the following conditions. 

[0063] 

0.5 < |F1 / F2| < 5 .... (2) 
It corrects, 

f1 : The focal distance of the 1st lens group Gr1 , 
f2: The focal distance of the 2nd lens group Gr2, 
It comes out. 
[0064] 



As for conditions (2), the 1st lens group Gr1 had negative power, and the 2nd 
lens group Gr2 has specified the desirable focal distance ratio of the 1st lens 
group Gri and the 2nd lens group Gr2 in the configuration (for example, an 
example 1 thru/or 5) which has negative power. If the minimum of conditions (2) 
is exceeded, since the focal distance of the 1st lens group Gri will become short 
too much, distortion aberration (especially negative distortion aberration in the 
shortest focal distance condition) becomes remarkable, and it becomes difficult 
to secure good optical-character ability. On the contrary, if the upper limit of 
conditions (2) is exceeded, since the focal distance of the 1st lens group Gri will 
become long too much, the negative power of the 1st lens group Gri becomes 
weak, will cause increase of the diameter of a lens of the 1st lens group Gri , and 
is not desirable in respect of miniaturization. 
[0065] 

Furthermore, as for the zoom lens system of each operation gestalt, it is 

desirable to satisfy the following conditions. 

[0066] 

1.5<|F12W|/Fw<4....(3) 
It corrects, 



f12w: The synthetic focal distance of the 1st lens group Gr1 in the shortest focal 
distance condition, and the 2nd lens group Gr2, 

fw: The focal distance in the shortest focal distance condition of the whole 

system, 

It comes out. 

[0067] 

Conditions (3) have power negative in the 1st lens group Gri, and the 2nd lens 
groups Gr2 are the conditions about the synthetic focal distance of the 1st lens 
group Gri in the shortest focal distance condition, and the 2nd lens group Gr2 In 
the configuration (for example, an example 1 thru/or 5) which has negative 
power. While an overall length will increase since the synthetic focal distance of 
the 1st lens group Gri and the 2nd lens group Gr2 becomes long too much if the 
upper limit of conditions (3) is exceeded, since the synthetic power of the 1st 
lens group Gri and the 2nd lens group Gr2 becomes weak, the diameter of a 
lens becomes large. Therefore, it becomes difficult to obtain a compact zoom 
lens system. On the contrary, if the minimum of conditions (3) is exceeded, since 
the synthetic focal distance of the 1st lens group Gri and the 2nd lens group Gr2 
will become short too much, the negative distortion aberration generated In the 



state of the shortest focal distance by the 1st lens group Gr1 and the 2nd lens 
group Gr2 becomes large too much, and amendment becomes difficult. 
[0068] 

Furthermore, as for the zoom lens system of each operation gestalt, it is 

desirable to satisfy the following conditions. 

[00691 

0.4<|F12W|/F3<1.5.... (4) 
It corrects, 

f12w: The synthetic focal distance of the 1st lens group Grl in the shortest focal 

distance condition, and the 2nd lens group Gr2, 

f3: The focal distance of the 3rd lens group Gr3, 

It comes out. 

[0070] 

Conditions (4) have power negative in the 1st lens group Gr1, and the 2nd lens 
groups Gr2 are the conditions about the ratio of the synthetic focal distance of 
the 1st lens group Gr1 in the shortest focal distance condition, and the 2nd lens 
group Gr2, and the focal distance of the 3rd lens group in the configuration (for 
example, an example 1 thru/or 5) which has negative power. If the upper limit of 



conditions (4) is exceeded, it means that the synthetic focal distance of the 1st 
lens group Gr1 and the 2nd lens group Gr2 becomes long relatively. For this 
reason, if the upper limit of conditions (4) is exceeded, an exit pupil location will 
move to an image side, and is not desirable. On the contrary, if the minimum of 
conditions (3) is exceeded, since the synthetic focal distance of the 1st lens 
group Gri and the 2nd lens group Gr2 will become short too much, the negative 
distortion aberration generated in the state of the shortest focal distance by the 
1st lens group Gri and the 2nd lens group Gr2 becomes large too much, and 
amendment becomes difficult. 
[0071] 

2 < |f 1 / fw| < 4 (5) 
It corrects, 

f1: The focal distance of the 1st lens group, 

fw: The focal distance in the wide angle edge of the whole system. 

It comes out. 

[0072] 

Conditional expression (5) had power negative in the 1st lens group Gri , and the 
2nd lens group Gr2 has specified the desirable focal distance of the 1st lens 



group Gr1 in the configuration (for example, an example 6 thru/or 9) which has 
forward power. If the upper limit of conditional expression (5) is exceeded, since 
the focal distance of the 1st lens group Gr1 will become large too much, an 
overall length or distance from a reflector to an image sensor cannot be made 
small as a result, and it is not desirable. Since the negative power of the 1st lens 
group Gri becomes weak too much, the lens outer diameter which constitutes 
the 1st lens group Gri becomes large, and it becomes impossible moreover, to 
attain a compact zoom lens system. Conversely. If the minimum of conditional 
expression (5) is exceeded, since the focal distance of the 1st lens group Gri 
will become short too much, the negative distortion generated by the 1st lens 
group Gri in a wide angle edge becomes large too much, and it becomes 
difficult to perform the amendment. 
[0073] 

Although each lens group which constitutes each operation gestalt consists of 
only refraction mold lenses (that is, lens of the type with which a deviation is 
performed by the interface of the media which have a different refractive index) 
which deflect an incident ray by refraction, it is not restricted to this. For example, 
each lens group may consist of a diffraction mold lens which deflects an incident 



ray by diffraction, a refraction / diffraction hybrid mold lens which deflects an 

incident ray with the combination of a diffraction operation and a refraction 

operation, a refractive-index distribution lens which deflects an incident ray 

according to the refractive-index distribution in a medium, 

[0074] 

[Example] 

Construction data, an aberration Fig., etc. are mentioned and the configuration 
of the zoom lens system hereafter contained in the image pick-up equipment 
which carried out this invention etc. is explained still more concretely. The lens 
block diagram ( drawing 1 thru/or 9) which the example 1 explained as an 
example here thru/or 4 support the 1st thru/or 9th operation gestalt mentioned 
above, respectively, and expresses the 1st thru/or 9th operation gestalt shows a 
corresponding example 1 thru/or the corresponding lens configuration of 9, 
respectively. 
[0075] 

In the construction data of each example, ri (i = 1, 2, 3 ....) is counted from a 
body side. The radius of curvature of the i-th field (mm), Count di (I = 1 , 2, 3 ....) 
from a body side, and the i-th axial top-face spacing (mm) is shown, nickel (i = 1, 



2, 3 ....) and nui (i = 1, 2, 3 ....) are counted from a body side, and show the 
refractive index (Nd) and the Abbe number (nud) to d line of the i-th optical 
element. Moreover, axial top-face spacing which changes in zooming shows the 
value of the variable spacing in the shortest focal distance condition (wide angle 
edge, W) - middle focal distance condition (middle, M) - longest focal distance 
condition (a tele edge. T) among construction data. The focal distance (f, mm) 
and the f number (FNO) of the whole system corresponding to each focal 
distance condition (W), (M), and (T) are combined with other data, and are 
shown, 
[0076] 

It shall be shown that the field where * was given to radius of curvature ri is a 
field which consisted of the aspheric surfaces, and it shall define as the formula 
(AS) of the following showing the field configuration of the aspheric surface. The 
aspheric surface data of each example are combined with other data, and are 
shown. 
[0077] 



A10= 0.25333947D-07 



rl3« 

B = O.lOOOOOOOIHOl 
A4 = 0.11420046D-02 
A6 = 0.61304067D-04 
A8 = -0.24678605D-05 
A10= 0.38078g80])-06 

tl4* 

B = 0.10000000]>H)1 
A4 = -0.17175253D-02 
A6 = 0.354159001>-04 
A8 = -0.51967472D-05 
A10= 0.1080466g]>-06 

f = 5.1 - 8.9 - 14.7 
Fno.= 2.16 - 2.97 - 4.10 

tit = 77.048 

dl = 1.000 

r2 = 10.412 

d2 = 3.701 

r3 = 00 

d3 = 12.400 

r4 = 00 

d4 = 0.200 

r5 = 12.063 



[M^^(Nd)] 
IQ = 1.66602 

N2 = 1.84666 



vl = 30.12 
v2 = 23.82 



d5 = 1.645 N3 = 1.84898 y3 = 33.15 
r6 = 22.797 

d6 = 2.045 - 5.298 - 3.490 



r7*= 74.513 
r8*= 6.297 
r9 = 7.766 
rlO= 10.311 
rll= 00 
rl2= 6.616 
rl3= -10.215 
rl4*= 18.124 
rl5*=-23.464 
rl6 =-6.333 
rl7 = 14.316 
rl8= 10.360 
rl9= 00 



d7 = 1.000 N4 = 1.52510 v4 = 56.38 
d8 = 1.041 

d9 = 1.464 N5 = 1.79850 v5 = 22.6 
dlO= 13.841 - 5.438 - 1.000 
dll= 0.600 

dl2= 5.892 N6 = 1.75450 v6 = 51.57 

dl3= 1.000 N7 = 1.84666 v7 = 23.82 

dl4= 2.079 - 8.055 - 15.451 

dl5= 3.400 N8 = 1.52510 v8 = 56.82 

dl6= 2.476 - 1.650 - 0.500 

dl7= 1.000 N9 = 1.84833 v9 = 29.89 

dl8= 0.907 

dl9= 2.000 N10= 1.51680 vlO= 64.20 



r20= 00 



rl* 

E = 0. 10000000E-K)1 
A4 = 0. 63638407E-04 
A6 = -0. 36516691E-06 
A8 = 0.15861666E-08 

r7* 

E = O.IOOOOOOOE+Ol 
A4= -0.63173747E-03 
A6= 0.42880271E-04 
A8 = -0. 13655536E-05 
A10= 0.17341485E-07 

tS* 

E = O.lOOOOOOOE+01 

A4 = -0. 78352207B-03 
A6 = 0.45124782E-04 
A8 = -0. 17639048E-05 
A10= 0.22553499E-07 

rl5« 

E » O.lOOOOOOOE+01 

A4 = 0. 10864595E-02 
A6 = 0. 63616957E-04 
A8 = -0. 36734216E-05 
A10= 0.41688467E-06 



rl6« 

E = O.lOOOOOOOB-HOl 
A4 = -0.14356439E-02 
A6 = 0.25426605E-04 
A8 = -0.32121190E-05 
A10= 0.95302924E-07 

mm 3^ 

f = 4.5 - 7.9 - 12.9 
Fno.= 2.1 - 2.8 - 3.7 

n = 4101.218 

dl = 0. 700 

r2 = 19.552 

d2 = 0.900 

r3 = 00 

d3 = 8.000 

r4 = 00 

d4 = 1.000 - 

r5*= 56. 521 

d5 = 0.800 

r6«= 4.357 

d6 = 1.021 

r7 = 7.895 

d7 = 1.6000 

r8 = 21. 921 

d8 = 10.752 

r9 = 00 



Nl = 1.78589 

N2 = 1.84666 
3.596 - 1.000 
N3 = 1.57501 

N4 = 1.84666 
3.530 - 0.969 



vl = 44.20 
v2 = 23.82 
v3 = 41.49 
v4 = 23.82 



d 9 = 0.650 
rl0=5.274 

dlO= 4.755 

rll=-9.977 

dll^' O.DIO 

rl2=-9.977 

dl2= 0.800 

rl3*=15.094 

dl3= 2.179 

rl4*=-25.000 

dl4= 3.200 

rl5*= -5.767 

dl5= 1.453 

rl6= 10.099 

dl6= 0.983 

rl7= 6.767 

dl7= 0.948 

rl8= 00 

dl8= 1.500 

rl9= 00 
r5* 

E = O.lOOOOOOOE+01 
A4 = -0.44053024E-03 
A6 = -0.45582866E-04 
A8 = 0. 56807258E-05 
A10= -0.21748168E-06 



N5 = 1.75450 
N6 » 1.51400 
N7 = 1.84666 

7.261 - 12.815 
N8 = 1.52510 

0.996 - 0.600 
N9 = 1.70055 

N10= 1.51680 



v5 = 51.57 
v6 = 42.83 
v7 = 23.82 

v8 = 56.38 

v9 = 30.11 

vlO= 64.20 



r6* 

E « O.lOOOOOOOE+01 
A4 = -0.19077667B-02 
A6 = -0.45431102E-04 
A8 = -0. 17609821E-05 
A10= -0. 26911785E-08 

rl3« 

E » O.lOOOOOOOB+01 
A4 = 0.242S6912E-02 
A6 = 0.13113475E-03 
A8 = -0. 19935678E-05 
A10= 0. 20427432E-05 

rl4* 

E = 0. lOOOOOOOE+01 
A4 = -0.76241384E-03 
A6 = -0.45684352E-04 
A8 = 0. 74367662E-05 
A10= 0.17395830E-06 

rl5* 

E ^ 0. lOOOOOOOE+01 
A4 = 0.16617833E-02 
A6 = -0.97370809E-04 
A8 = 0. 83998804E-05 

f = 4.5 - 7.6 - 12.9 



Pno.= 2.1-2 
rl = -25.000 
r2 =-115.843 
r3 = oo 
r4 = 00 
r5*= 21.359 
r6*= 5.824 
r7 = 14.337 
r8 = 52.503 
r9 = oo 

rlO= 12.888 
rll= -36.914 
rl2= 4.598 
rl3= 181.628 
rl3= 181.628 



8 - 2. 97 

dl = 0.800 
(12 = 0.100 
d3 = 9.200 
d4 = 1.000 - 
d5 = 0.800 
d6 = 3.352 
d7 = 1.500 
d8 = 12.765 
d9 = 0.700 
dlO= 2.200 
dll= 0.100 
dl2= 3.800 
dl3= 0.010 



[®^^(Nd)] 
Nl = 1.63980 

N2 = 1.84666 
4.551 - 2.772 
N3 = 1.83400 

N4 = 1.84666 
4.785 - 0.910 

N5 = 1.75450 

N6 = 1.48749 
N7 = 1. 51400 



vl = 34.55 
v2 = 23.82 
v3 = 37.15 
v4 = 23.82 

v5 = 51.57 

v6 = 70.44 
v7 = 42.83 



dl4 = 1.000 N8 = L 84666 v8 = 23.82 
rl5*= 3.955 

dl5= 1.500 - 6.298 - 12.506 

rl6« = 10.062 

dl6= 2.000 N9 = 1.48749 v9 = 70.44 

rl7*=-8.840 

dl7= 1.472 - 1.104 - 0.600 

rl8= 00 

dl8= 1.700 N10= 1.51680 vlO= 64.20 

rl9= 00 
r5* 

e = O.lOOOOOOOE+01 
A4 = 0. 28920160E-03 
A6 = -0.24770223B-04 
AS = 0.402261146-06 

r6* 

£ = 0. lOOOOOOOE+01 
A4 = -0.28416506E-03 
A6 = -0.39127534E-04 
A8 = 0.10049102B-06 

rl5« 

£ = O.lOOOOOOOE+01 

A4 = 0. 22971891E-02 

A6 = 0.61362182B-04 

A8 = 0. 38054044E-04 



rl6« 

E = 0.10000000B-K)1 
A4 = 0.29657551E-02 
A6 = -0.32988137B-03 
A8 = 0.18146796E-04 
rl7* 

E = 0. lOOOOOOOE+01 
A4 = 0.65616586B-02 
A6 = -0.68518707B-03 
A8 = 0.33543925B-04 

f = 4.5 - 7.9 - 12.9 
Fno.= 2.1 - 2,89 - 3.8 

mm^mi [«i±MMi@] 

n = 16.688 

dl = 0.800 

r2 = 7.343 

d2 = 2.500 

r3 = 00 

d3 = 8.400 

r4 = oo 

d4 = 1.500 - 

r5#=164.473 

d5 = 0.800 

r6*= 4.995 

d6 = 1.353 

r7 =10.132 



Nl = 1. 54072 V 1 = 47. 22 

N2 = 1.84666 v2 =23.82 
.971 - 1.500 

N3 = 1. 62004 V 3 = 36. 26 



d7 = 2.267 N4 = L 84666 v4 = 23.82 
r8 = 69.912 

d8 = 11.101 - 4.724 - 0.862 



r9 = 00 
rlO= 5.681 
rll= -10.007 
rl2 =-10.007 
rl3*= 13.518 
rl4*= 72.616 
rl5*=-8.793 
rl6= 00 



d9 = 0.650 

dlO= 5.504 N5 = 1.75450 v5 = 51.57 

dll= 0.010 W6 = 1.51400 v6 = 42.83 

dl2=« 0.800 N7 = 1.84666 v7 = 23.82 

dl3= 1.987 - 8.774 - 14.499 

dl4= 3.700 N8 = 1.52510 v8 = 56.38 

dl5= 3.078 - 1.197 - 0.806 

dl6= 1.500 N9 = 1.51680 v9 = 64.20 



r5* 

E = O.lOOOOOOOE+01 
A4 = -0.50212557E-03 
A6 = 0.58262738E-04 
A8 = -0.45960476E-05 
A10= 0. 10745067E-06 

r6« 



e = 0. lOOOOOOOB+01 
A4 = -0. 17341477B-02 
A6 = 0. 76117570E-04 
A8 = -0. 99234139E-05 
A10= 0.25780579B-06 

rl3« 

E = 0. lOOOOOOOE+01 
A4 = 0. 22365769B-02 
A6 = 0.79579971B-04 
A8 = 0.53500363B-05 
A10= 0. 10651891B-05 

rl4* 

E = 0. lOOOOOOOB+01 
A4 = -0. 74920577B-03 
A6 = -0.44003627B-04 
AS = -0.46232075B-05 
A10= 0.52351697B-06 

rl5« 

E = 0. lOOOOOOOB+01 
A4 = 0. 27419718B-03 
A6 = -0.1S545535B-03 
A8 = 0.68734468B-05 

f = 5.1 - 8.9 - 14.7 
Ftto. = 2. 24 - 2. 98 - 4. 



rl* = 17.487 
r2 = 10.704 
r3 = 00 
r4 = 00 
r5*= 213.855 
r6«= 5.360 
r7 = 9.257 
r8 = 23.872 
r9 = 00 

rlO= 6.464 
rll=-7.3D6 
rl2«= 33.980 
rl3*= -17. 735 
rl4= -5.800 



dl = 1.000 
d2 = 3.877 
d3 =12.400 
d4 = 1.500 
d5 = 1.000 
d6 = 1.317 
d7 = 1. 649 
d8 = 12.037 
d9 = 0.600 
dlO== 6.219 
dll» 1.000 
dl2= 2.038 - 
dl3= 3.475 
dl4= 2.546 - 



Nl = 1.733922 

N2 = 1.84666 

N3 = 1.61203 

N4 = 1.84666 
- 4.771 - 1.000 



vl = 29.35 
v2 = 23.82 
v3 = 52.33 
v4 = 23.82 

v5 = 51.57 
v6 = 23.82 

V 7 = 56. 38 



N5 = 1.75450 
N6 = 1.84666 

7.101 - 13.534 
N7 = 1.52510 

1. 749 - 0. 500 



rl5= -10,504 

dl5= 1.000 N8 = 1.48749 v8 = 70.44 

rl6= -32.714 

dl6= 0.109 

rl7= 00 

dl7= 2.000 N9 = 1.51680 v9 = 64.20 

rl8= 00 

e = 0. lOOOOOOOE+01 
A4 = -0.17088362E-03 
A6 = -0.59468528E-06 
A8 = 0.17670065E-06 
A10= -0.21232398E-09 

r6* 

e = O.lOOOOOOOE+01 
A4 = -0.78520204E-03 
A6 = -0.18852025E-04 
A8 = -0.22264586E-06 
A10= 0.62844746B-08 



rl3* 

E = O.lOOOOOOOE+01 
A4 = 0.m26439E-02 
A6 = 0.689304g5B-04 
A8 = -0.29394404E-05 
A10= 0.46789735E-06 

rl4* 

E « O.lOOOOOOOE+01 
A4 = -0.168899068-02 
A6 = 0.41032113B-04 
A8 = -0.67973071E-05 
A10= 0.22276351E-06 

f = 5.8 - 11.6 - 16.7 
Fno. = 3. 60 - 3. 60 - 3. 66 
[ffi^^S] [ttl-hSMII@] 
rl* =-11.725 

dl = 1.200 

t2* = 13.872 

d2 = 1.410 

r3 = oo 

d3 = 7.000 

r4 = 00 

d4 = 22.033 - 

r5 = 6.671 

d5 = 2.562 

r6 = 35.072 



[Wf^(Nd)] ITy^mv 

Nl = 1.49310 vl = 83.58 

N2 = 1.84666 v2 = 23.82 
8.278 - 0.600 

N3 = 1.75450 v3 = 51.57 



d6 = 0.600 
r7 = 00 

d7 ' 

r8* = 18.236 

d8 ■■ 

r9« = 8.198 

d9 ■■ 

no = 39.487 

dlO 

rll = -13.184 

dll 

rl2 = 21.757 

dl2 

rl3 = 9.428 

dl3 

rl4 = 10.828 

dl4 

rl5* = -70.639 

dl5 

rl6 = 00 

dl6 

rl7 = 00 

iimmmm 

rl* 

E = O.lOOOOE+01 
A4 = 0.39770E-03 
A6 = 0.48251E-05 
A8 = -0. 13574B-06 



0.600 

0.800 M = 1.84666 v4 » 23.82 

7.034 - 16.244 - 14.414 

2.334 N5 » 1.49310 v5 = 83.58 

3.125 - 7.669 - 17.177 

0.800 N6 = 1.84666 v6 = 23.82 

0.175 

2.272 N7 = 1.50467 v7 = 59.44 
1.665 

2.000 N8 = 1.51680 v8 » 64.20 



A10= 0.82447E-09 

£ = O.lOOOOB+01 
A4 = 0.12088E-03 
A6 = 0.37656E-05 
A8 = 0.23199E-06 
A10= -0.73492E-08 

r84 

E = O.lOOOOE+01 
A4 = 0.53711E-03 
A6 = 0.22090E-04 
A8 = -0.48503E-05 
A10= 0.21033E-06 

r94 

e = O.lOOOOB+01 
A4 = 0.14617E-02 
A6 = 0.84785E-04 
A8 = -0.97230E-05 
A10= 0.62378E-06 

rl5« 

E = O.lOOOOE+01 
A4 = 0.11315E-02 
A6 = -0.58783E-04 
A8 = 0.63291E-05 
A10= -0.18581E-06 



f = 6.0 - 12.0 - 17.3 
Fno. = 3. 60 - 3. 60 - 3. 60 



rl* =-72.486 
r2* = 8.054 
r3 = 00 
r4 = oo 
r5 = 6.766 
r6 = 17.430 
r7 = 00 
m = 93.830 
r9* = 12.440 
rlO = 22.538 
rll = -15.873 
rl2 = -11.841 



dl = 1.200 Nl = 1.49310 vl = 83.58 
d2 = 2.476 

d3 = 9.000 N2== 1.84666 v2 = 23.82 

d4 = 21.244 - 4.060 - 0.600 

d5 = 2.652 N3 = 1.79719 v3 = 45.34 

d6 = 1.000 

d7 = 0.686 

d8 = 0.800 N4 = 1.84666 v4 = 23.82 

d9 = 3.714 - 12.381 - 9.898 

dlO = 2.473 N5 = 1.49310 v5 = 83.58 

dll = 1.500 - 9.644 - 21.642 

dl2 = 0.800 N6 = 1.84666 v6 = 23.82 



rl3 = -27.408 

dl3 

rl4 = 16.037 

dl4 

rl5* = -57.477 

dl5 

rl6 = 00 

dl6 

rl7 = 00 

c = O.lOOOOE+01 
A4 = -0.24017E-05 
A6 = 0.29455E-05 
A8 = -0.30412E-07 
A10= 0.12502E-10 

t2* 

E = O.lOOOOE+01 
A4 = -0.18797E-03 
A6 = -0.38877E-05 
A8 = 0.34374E-06 
A10= -0.63589E-08 

r8* 

e = O.lOOOOE+01 

A4 = 0. 58124E-03 

A6 = 0.33012E-04 



0.100 

2.349 N7 = 1.72904 v7 = 52.47 

6.683 - 7.055 - 1.000 

2.000 N8 = 1.51680 v8 = 64.20 



A8 = -0.45331E-05 
A10= 0.17297E-06 



r9* 

E = O.lOOOOE+01 
A4 = 0.13667E-02 
A6 = 0.79666E-04 
A8 = -0.97230E-05 
A10= -0.77035B-05 



rl5* 

e = O.lOOOOB+01 
A4 = 0.63869E-04 
A6 = -0.71764E-04 
A8 = 0.36999E-05 
A10= -0.66315E-06 



f = 5.8 - 11.6 - 16.7 
Fno. = 3. 60 - 3. 60 - 3. 60 

mm^mi m±mrm'] mmmM)] iry^mv 

tl* =-14.542 

dl = 1.200 Nl = 1.49310 vl = 83.58 

r2* = 12.397 

d2 = 1.494 

r3 = 00 

d3 = 7.000 N2 = 1.84666 y2 = 23.82 

r4 = 00 

d4 = 22.039 - 8.570 - 0.600 



r5* = 7.238 
r6 = 48.781 
r7 = 00 
r8* = 25.723 
r9* = 10.714 
no = 42.281 
rll = -13.537 
rl2 = 19.872 
rl3 = 8.858 
rl4 = 6.329 
rl5* = 16. 784 
rl6 = 00 
rl7 = 00 



d5 = 2.651 N3 = 1.71300 v3 = 53.93 
d6 = 0.677 

d7 = 0.600 - 0.931 - 1.000 

d8 = 0.805 N4 = 1.84666 v4 = 23.82 

d9 = 6.475 - 16.205 - 14.774 

dlO = 2.322 N5 = 1.49310 v5 = 83.58 

dll = 4.243 - 7.651 - 16.983 

dl2 = 0.800 N6 = 1.84666 v6 = 23.82 

dl3 = 0.100 

dl4 = 2.301 N7 = 1.48749 v7 = 70.44 
dl5 = 0.996 

dl6 = 2.000 N8 = 1.51680 v2 = 64.20 



rl* 

E = O.lOOOOE+01 



A4 = 0.31440E-03 
A6 = 0.40741E-05 
A8 = -0.13254E-06 
A10= 0.88372E-09 

£ = O.lOOOOB-fOl 
A4 = -0.14549E-03 
A6 = 0.90366E-05 
A8 = 0.23593E-06 
A10= -0.68590E-08 

m 

E = O.lOOOOE+01 
A4 = 0.60518E-03 
A6 = 0.22274E-04 
A8 = -0.54357E-05 
A10= 0.24817E-06 

r9* 

£ = O.IOOOOE+Ol 
A4 = 0.13444E-02 
A6 = 0.68972E-04 
A8 = -0.94129E-05 
A10= -0.53475E-06 

rl5* 

e = O.lOOOOE+01 
A4 = 0. 12639E-02 



A6 = 
A8 = 
A10= 



-0.11077E-04 
0.48956E-05 
-0.16001E-06 



Drawing 10 thru/or drawing 18 are the aberration Figs, of an example 1 - an 
example 9, and expresses the aberration in the infinite distance focus condition 
of the zoom lens system of each example, among drawing 10 thru/or drawing 18 , 
the shortest focal distance condition and (M) can be set in the middle focal 
distance condition, and (W) can set (T) in the longest focal distance condition - 
many - astigmatism and distortion aberration, such as spherical aberration, and 
Y' (mm) show maximum image quantity (considerable from optical axis to 
distance)} on an image sensor sequentially from the aberration {left. In the 
spherical-aberration Fig., spherical aberration [ as opposed to d line in a 
continuous line (d) ], spherical aberration [ as opposed to g line in an alternate 
long and short dash line (g) ], spherical aberration [ as opposed to c line in a 
two-dot chain line (c) ]. and a broken line (SC) express sine condition. In the 



astigmatism Fig., a broken line (DM) expresses the astigmatism in a meridional 
side, and the continuous line (DS) expresses the astigmatism in a sagittal side. 
Moreover, in the distortion aberration Fig., the continuous line expresses 
distortion % to d line. 
[0078] 

[Effect of the Invention] 

Compact image pick-up equipment can be offered it being highly efficient and 
having a high scale-factor zoom lens system according to the zoom lens system 
of each operation gestalt, as explained above. 
[Brief Description of the Drawings] 

[Drawing 1] The lens block diagram of the 1st operation gestalt (example 1). 
[Drawing 2] The lens block diagram of the 2nd operation gestalt (example 2). 
[Drawing 3] The lens block diagram of the 3rd operation gestalt (example 3). 
[Drawing 4] The lens block diagram of the 4th operation gestalt (example 4). 
[Drawing 5] The lens block diagram of the 5th operation gestalt (example 1). 
[Drawing 6] The lens block diagram of the 6th operation gestalt (example 2). 
[Drawing 7] The lens block diagram of the 7th operation gestalt (example 3). 
[Drawing 8] The lens block diagram of the 8th operation gestalt (example 4). 



[Drawing 9] The lens block diagram of the 9th operation gestalt (example 4). 
[Drawing 10] The aberration Fig. in the infinite distance focus condition of an 
example 1 . 

[Drawing 11] The aberration Fig. in the infinite distance focus condition of an 
example 2. 

[Drawing 12] The aberration Fig. in the infinite distance focus condition of an 
example 3. 

[Drawing 13] The aberration Fig. in the infinite distance focus condition of an 
example 4. 

[Drawing 14] The aberration Fig. in the infinite distance focus condition of an 
example 5. 

[Drawing 15] The aberration Fig. in the infinite distance focus condition of an 
example 6. 

[Drawing 16] The aberration Fig. in the infinite distance focus condition of an 
example 7. 

[Drawing 17] The aberration Fig. In the infinite distance focus condition of an 
example 8. 

[Drawing 18] The aberration Fig. in the infinite distance focus condition of an 



example 9. 

[Drawing 19] The block diagram showing the outline of this invention. 
[Description of Notations] 

LPF: The plane-parallel plate equivalent to an optical low pass filter 

SR: Image sensor 

TL: Zoom lens system 

Gr1: The 1st lens group Gri 

Gr2: The 2nd lens group Gr2 

PR: Internal reflection prism 

ST: Diaphragm 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lens block diagram of the 1st operation gestalt (example 1). 
[Drawing 2] The lens block diagram of the 2nd operation gestalt (example 2). 
[Drawing 3] The lens block diagram of the 3rd operation gestalt (example 3). 
[Drawing 4] The lens block diagram of the 4th operation gestalt (example 4). 
[Drawing 5] The lens block diagram of the 5th operation gestalt (example 1). 
Drawing 6] The lens block diagram of the 6th operation gestalt (example 2). 
Drawing 7] The lens block diagram of the 7th operation gestalt (example 3), 
Drawing 8] The lens block diagram of the 8th operation gestalt (example 4). 
Drawing 9] The lens block diagram of the 9th operation gestalt (example 4). 
Drawing 10] The aberration Fig. in the infinite distance focus condition of an 



example 1 . 

[Drawing 11] The aberration Fig. in the infinite distance focus condition of an 
example 2. 

[Drawing 12] The aberration Fig. in the infinite distance focus condition of an 
example 3. 

[Drawing 13] The aberration Fig. in the infinite distance focus condition of an 
example 4. 

[Drawing 14] The aberration Fig. in the infinite distance focus condition of an 
example 5, 

[Drawing 15] The aberration Fig. in the infinite distance focus condition of an 
example 6. 

[Drawing 16] The aberration Fig. in the infinite distance focus condition of an 
example 7. 

[Drawing 17] The aberration Fig. in the infinite distance focus condition of an 
example 8. 

[Drawing 18] The aberration Fig. in the infinite distance focus condition of an 
example 9. 

[Drawing 19] The block diagram showing the outline of this invention. 



[Description of Notations] 

LPF: The plane-parallel plate equivalent to an optical low pass filter 

SR: Image sensor 

TL: Zoom lens system 

Gr1: The 1st lens group Gr1 

Gr2: The 2nd lens group Gr2 

PR: Internal reflection prism 

ST: Diaphragm 
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[ft 1 ] 

m^mmff^icytm&^ic^i^simicm^-r ^ X- L,uy t . x - l. u y x ^ f^^^m v rz 

MiB^ 1 i-y xm t cDrsic^if^m^ji^^rsm^mx x^mt A7-^^-r§^2 u 
yxmt. 

sffis^i \yyxmii. mi^mij^ i^mic. n.o^f'^^-^^r ^n.vyxmi't. Kmmt. lo 

[ If 5f? S 2 ] 

mt^X- L.\yy X^COW, \ Uy Xmt)^ . if^ fflij ^ MM . ft (D A "7 - ^ W "T ^ 1 U. X 

mmx~ L.]yy x%(Dm%^mm(om h . muwimm^ t (Df^\c ^ ^ft^mu- ;^xy )\y ^ 

C W 35 5 ] 

ii*«l7^M40i/>-rn*^<D«m^M^«i^fcx>?^?;l/;?7>{Vo 

[ 0 0 0 1 ] 

*f8B^«^ CCD (Charge Coupled Device m^W*^-&^^)^C 
MOS-trVit (Complementary Metal— oxide Semicon. 

d u c t o r ffiMtt^^^fbu^^i^-bv-y-) m(D^^m±.\zi\if&-& ntcft'^m^mm. 

ft ^ ^ ^ 5 H It lg ? ^ li ^ fc ia ft S g tc M L . ^ 7" 'y )\' ti ^ ; i- )V^y 

tfa.-^. ^/^-f';Un>'tfjL-^Sf, i^^MiS. Iflgji^iS* (PDA : Pe r s ona 1 30 
Dig! tal Assistance)^ fCl^llSXtin^t It ?nS:^7^^0^fc5<i 

[ 0 0 0 2 ] 
[$^*<DS^I5] 

ia¥s ffiJ^7^';l'A(D{-^t>0tCCD-^CMOS-b>-9-^if£D»l^^?^^fflV^T. 

>&«^fS^tc^^L. ^-cD f^' - 7='->" ^ ;Kt: L TIB^ L 0 L 0 -r § x ^ * 
^ ^ m 51 ^ R L T # T ?) o C (D o r^. i/ ^ )\, ^ ^ is\,^ X it . « ifi . 2 0 0 7J 

iii^-^3 0 oTimmth^^Tc^mm^m^ ^ c c d-^cmo s-b^'-y-^ubs^w^fiffitcji^ 
>«cLTv^;i,fef3. !itic. mm.^'^it^^-f\z^^ti^^m.rj:x-L.iyyx%^mm\.rc:=iy 

[ 0 0 0 3 ] 

, t/W;l/n>'lfi-^, mmm^^^ (PDA : Pe r s ona 1 D i g 

i t a 1 As s i s t anc e) ll^c^a^t^fi;b'5F*gS?X{i:^^#^t^n§J:3^i:^oT^3 

[ 0 0 0 4 ] 
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Ti/^^o -f -t - 'P <DX- L.]^y Xfhii. JKMitii'^n^r-^ 0 . ft^&3u- /^xy >f 
[ 0 0 0 5 ] 

% t Lxmms nfc X- L,uy xjfiif& ^ o cn^ox- L.u:y xmn. 

^icmmmj^mm^mx(D]yi^xm<DmmmiiLmti^itmffdmm<Di&<iciiLm-t^rcisb. m 

[ 0 0 0 6 ] 

^ <t $ ^ -r n > ^ h ft ^ 0 A> § il ^ ^ n T 1/^ ^ o ?l . # Pjfl ¥ 1 1-1 9 6 3 

9 0° ^rOtttffcm. ^Ki^^XSf^eTii^«?±ti:7t^{^^fl^^-r§^#^a*'«Sim 
^nXV^^So I3|i;j ^ P»fl ^ fll ^ B « , ft^^X*XJg4^CCD@SU:/X^?<D^ftljKSI«f 

m^mif. c (D^mmxyt^^ws 9 0 ' mo&ifrc'ik. -sjm<o 2-0 (oiEuyxm. h^o 
iEiy:yxm^mxmmm^icm^mis.^mLxi^^o 20 

[ 0 0 0 7 ] 

fern. IEU>XS^^igT^iK^?tSS«l^*^P^^^nTV>5o 
[ 0 0 0 8 ] 

[fi0^>^^(®?*Lj:d tt ^mm^ 

ff^rj: X- U y X?k(Dmf^t^^mX & ^ t\^^ V ?^mi}^& ■:> fco X- L,Uy X%^m^rcWi 

mmmxii. i:^m^ m ± ^ r^i^rs ^ ^ it ^ x - l, u y x^ ^ mmit l rj: m 0 . 
(D^hmit^mf&ir ^ c t itmmx $> ^ o so 

[ 0 0 0 9 ] 

*fiBj^«. a±<7)i«M{cis?i^. mitmx-mi^mx- L.uy xm^m ^^j:*^ ^ . n^/-?^h 

[00 1 0 ] 

jefig-r-sx-Au^x^^i:. x-Au>X5SA^j^fi)cLfc5^^f^^«m{i^tc^if5-r^ji{t 
m^^m xrzmmmmx $> X . mmx- Auy x^n. '^i^mti^ ^bmic. ±»tLxn. 

co^'iy-^m ^M^m 9 0' Ifr 0 ^if ^ ^mm^^tsfS 1 uy Xn t . MIB^i ]yy 40, 

xm t (D?sizmif^mrj:^^mm^mx xmm^ /^y-^m-r^bmzL^yxmt. ^ 
mmm 1 ]y y xmit . mi^^mti^ ^mk . M.o/'iy -^mr ^M.uy xm^ t . &m 

[001 1 ] 

;^)'«. mm^mf^icm.^ ^ i>(D^m.mm(Dr'iy jiiiv'Tir ^ 5' i,m^^ nx i5 1? . m.'&x 

ti !^ E SIJ ^ n < T * o T ^ T § o L fc o T . J.;< T , x ^ -/l/ * ^ 5 <D gg « . -r 

^ ;l/ X ^ * ^ ^ ^ T^' v^' A - - ^ O Ji ft ^ ? © ^ 7t S ± ff^ ^ $ n fc ^ ^ # % M 
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<D ft 
[0012] 

[0013] 

^ )\^ ^ L P F i:. X-AU^X^T LlcJ; OSfiSc^nfc^^^^mmW^fi^tc^^-TS 

UXAPR^Wri.mi U^XS^G r 1 i;. t^S|^-rSU>'X^^^A,T'V>5<, 10 

W$BBI^iSi*(PDA:Personal Digital Assistan 
c e) ^icrt)^3Z.(inf>ttt$n§;f7^^0±fci)1#^S^l:-fe§o 
[00 1 4 ] 

X-AlxyX?^TLfi. ^ll>>Xg¥Gr l^-S-t?«^OU>'XP*^?.^i^$nT4oD, 
T-fe-So ^lW>XSfGr l(imo^W-^^LT*5 0s rtgPtc!t^{iji:7tcD7l£Mi^BS9 0° 

jfft)fttfi):7'';XAP R%w-r5o 

[00 1 5 ] 

^^a-/^x-7^;i/i5fLPF«. }li^^:/X^co^P^/gkl5[1t1t^i3^LJl#^?-(??«^ 20 

x:7^;I/^^;&S5fflLT€>j;v>o 
[00 1 6 ] 

mmm^sRit. m^comm^m^ ^ c c d ^ . x- x%ti^m^Ltc^^m 
^ c c D vm^mmc^i^-t ^ o i^mm^snx^ij^-^nrcm^ii.. s u t m o 
7" ^vmmmm'pmmmmmmm^m^ txx 7-' ^ ji^mm^ t l t p« * u - ( ¥ » (* 
^t^'j-. t^t'i'x^*) tciBg^^n^cD. m ^ ^ X It ^ - y ^ L tc 0 m n mm 30 
^ic^^^nrcObTfao^ggjcfiiM^nSo **3. ccDofttJOtccMos-tr^^it ( 

Complementary Metal— oxide Semiconductor) 
[0017] 

m 1 7!)M09 ii, :*:f§R^©m 1 nmm 9 mmmm(Dmmmmic^^ X- L.u> xjh(D 

ffi^Wr?)7'UXi*PR«:¥ff¥«-^«L^l^^i»*^Wtc^bTV^?)o 
[00 1 8 ] . 

^X*XIxVX*^?.^5^i U^Xm^L 1 i:::/"UXAlcffl^-r5¥*SPRi:. 3!)>p,1SI^ 40 

ti^m I xmc T 1 i:. MBm^comzuyxm'^L z tmi^micdhm^\^<'f rem 

:<-7.ti7.m:mo:>m3]yyXm^l3t. ;6^P.1»)?)t$n^^2U>XPGr2i:. g5!9S 

T maB^<Dm 4 uyxm^L 4 tm\HiBii^(Dm 5 xm^? i 5 t^m^x^xr^^ 
m I m-^uy xmi'D L i^^^is^^n^sisuvxpc r si:. i^ii^tjiciHiffi^iPittfc 

iE><r:X*Xff^t»C(7)^6U>X^?L6*>?.1SJi)c$n^m4 Ix^XI^G r 4 <^itmiC 
\H]m^l^l'f fcM ?i P^tl xm-^(D^ 7 UVX^^L 7 i:A^?>1#^$n?)ll5 U':/XgPG r 
5 t . A^5.1tR5t^nTV^?)o ^?.IC. tlcDX— AU^X^cDmsUVX^GrSCD^fflytC 

[00 1 9 ] 

c (D X- L.U > xjkii. mmmAmm^mt,^ iE>m&m}^mm^m^o:> X- ^ y -^icmi.x 50 
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. m I i^^xmc T 1 ammicM vr m^-^ ti. m 2 u >xm g r 2 it - smm^^m l 

rcmv^^i^m^^mr ^ ^ ^ mmicao {] ^ ~ y'^<Dmm^mi^x^mL . m 3 u^xm 
G r 3{i. m 3 uyxg¥G r 3 (D ^ w m ic mm t ti fc ^^ K) s T t-i^ trj: 0 is.i^mmic^ 
{* (Rij ^ ^ ®i L . m 4 uy xmc r 4 ins.i$mmicmm^^mi^. m 5 u > x ^ g r 5 f± . 
m 5 u^xmc r 5£D{i!ffiij{cBaH^nfc¥fT¥«L p f t ti^ic. mmicnhrm^fE ti 

T l/> § o 
[ 0 0 2 0 ] 

u y xm^ (Dm<D o . m 2 uy xm^ L 2 comm t . m e u > xm^ i e (ommm t . 

[ 0 0 2 1 ] 10 

m 2 commimm<DX- x%it. mwmti^^m m -\ m m o b ^ in] a ^ 

ffl>&[q]ttfciEp<-X;?7Xff^t«c0^2U'>'X^?L2i:A^e>^t^$n§mi I^^XPG r 1 
i:> !|%f*:{|iJtca®^l6]tt^cftp«^X;<3XJ^4^0^3 W^X^^L 3 i:!|%{*ffl!ltcaS=&lnJtt 

fcIE^^X;^XJ^t«C(7)^4 VVX^^L 4 i:. *^e.@fi5c^n§^2 l^^^X^G r 2 i:. Ig? 

0 s T.i:. is^off^^^co^s u^x^^L 5 hnmrnvinm Q vyxm=?-h e i^^jg^tr 
^^^i^-^ix^x^^DL \ -h-^ ^m^-^ 3 xm-G r St. ifsai^ffiijtccaffi^&ifli 

^tfciEp<:::X:<jXJgt»c<Dm7 b >X^? L 7*^?.ilifig^n'Sm4 U- >XP G r 4 i: , !|%| 

G r 5 i:. *^e>m^*nTV^§o $6lC. CtDX-AU^'X^cD^S U^'XgfG r 20 
id (i . 7t ^ W D - A X :7 ti ^ -r § ¥ ¥ L P F A'i BB B ^ n T 0^ § „ 

[ 0 0 2 2 ] 

<i®X-AU>X?S{i> «^^^^ffilS6tt^*^e>««M;i^iSllt1^!®'\tDX-5>'yt|?gLT 

. m \ \yy XmC r IJiftStcWLTH^^tl. ^2^>X^G r 2(±-Bi^{t(iJ-\^gaL 

fc^feT•!t^^*^l|J^^8!)•r?)J:3ft^||J^ctacDu^->4^cDflii;^^ffl^^T^ffi)L. ^3 u^xp 

G r 3ii. ll3lx>XS¥G r 3cD!t%i*{|iJtCiEg$nfcig5D S Tfc-^ii^DiSi^^iitCfS!! 
i^ffliJ'Ni^llj m 4 \yZ/Xm- G r 4 « * H ^ fflij 5^ ttj ^ 5 > XP G r 5 
^5 UZ/XUC r 5<DafflHcEH;!fn/-c¥?T¥1SL P F ^ffitc^^LTS^^n 

T ^ o 

[ 0 0 2 3 ] 30 

\yyxm^(Dm(Do^. m \ \yy.xm^ i. \ <Dm^mm. m 3 v y xm^ l 3 nnm . w, 
7 \yy xm^ L 7 (Dmmm. ^ ^ vz/ xm^ l & <D^wmmit. ^n^n^f^®jgt*c^i& 

L T -S „ 
[ 0 0 2 4 ] 

m 3 o^ssjg^cDX- A >'X?^{4. m wmt)^ ^ ^m\^mK . mwm\cihm^ni<^ rcn.:^ 
-7.tixiy>xi)^ib^^mi u>x^?L 1 ffvxL,izmm-r^^^mpRt. fi^^m^ 

$n^^i wyxpG r 1 t . ^ wm\c am ^\t}i,f Ten :^ =^x±i xm'!cK(Dm 2 i^yxm^ 
L 2 tmwmicam^f^i'frziE?^ -7.:>3 7.m^(Dm 3 uy xm^? l 3 1. t,^ i^mi^^ 

m 2 U^XmC r 2 i:. g^t) S Ti:. MflJ^t>cOm4 ]yy Xm^ L 4 fcMC3JBt«C<Dm5^ 

yxm^Lst^m-^LxtSi^miis^i^yxm^DL iA^5.m^*ns^3ix>xpG 40 

r 3 !t^{*fiijfciHiffi^iRittfciE^-x:^xff^t>ctD^6 u^x^^L et^i^mf^sn^m 

4 Uy XmC r 4 t . ^ i^^m iC am ^ I'f fc n. ^ 7. tl 7. m <D m 7 lyy Xm=?- L 7 tt)^ 
ibmiii-iE 5 lyy Xmc r 5 *^5>^SfiSt^nTV>^o ^^ic^ CCDX-AU^XIS 

C)^5U>XPG r 5 (Dm mizti, ^^WP-^^X:7-i';l/^tC*a^-r5¥tT¥lgLPF*< 
MEH ^ n T 5 o 
[ 0 0 2 5 ] 

<i(DX- L. uyxjt.it . mmmj^s^m.^mt>^ ^mmm}^mm:-\km^<DX- ^ y ^'icmvr 

, ^1 Ix^XSfG r 1 HmmicM tl. 2 \y y Xm Q r 2«-M^ti^i^KjL 

fc'ikxmwm^^mt ^ ^ mm\za<D\2 ^ - y'^<Dmm-^^^^x^m\^ . m3 uy xm 

G r 3 ^3 UyXmc r 3 <0 *^ fflij BH H ^ n fc igS 0 S T t ~ t ^ t) (S(^#l@tc!t^ 50 
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i^m^^wiL. m 4 uiy xmc r 4 ms: i£ mm ic mm ^mm l . m 5 u:y xm c r 5(4, 
u> xmc r 5 (D mm icmm-^ nrc^n^mh p f t ti^ic^ mmicnLrm^-^n 

T o 
[ 0 0 2 6 ] 

i^yxm^<D^(Do-^. m 2 uy xm^ I 2 (D-mm t . m 5 ]yy xm^ l 5 commm t . 

[ 0 0 2 7 ] 

m 4 (Dmmmmox- x^ii. ^t^mf)^ ^ mm^mic . i* w tc d is ^ loj it fc a ^ 
tn^mi lyyxmc r 1 i:, mit.m\zam^\^ifrcn.yi-xti7.m^(om2]yyxm'?- 10 

m2b>xg¥Gr2i:. iKDSTi:. M dbBViom 4 u > xm"? I 4 t . fmitmicmm^ 

©^6 1^>'X^?L 6^S-&LT^5^ 1 m-^]yy Xm'^D L 1 ^^5>^R!t$n5^3 IxV 
XmC r 3 i:. W£!ifl5t>c£Dm7 UVX^^L 7A^P>«)?Jt^n§m4 U>XS¥G r 4 t. t)-^ 
?><Sfi!c^nTV>^o ;itDX-i^L->X?^iD|g4lx>Xg¥Gr4<D^(aiJJCli. 

[ 0 0 2 8 ] 

c (DX- L.uy xf^it. mmmj^mmvimt^ ^ms:mj^mm^m^(DX- ^y '^ficfSiLx 

m-e^wm^^mir ^ 5 iMiMicacD u ^ - y^omm^mi^r^wiL . m 3 vy xmc 

r 3 ^3U>XS¥G r 3©iti^<*fiiJlcBaH$nfc^0 STi:-f*i:^t»J$<S"#i^(C 

!|^i*ffliJ'\5^«jbx l|4lx^Xg^Gr4tt{i(?#||^jC#(|lJ'Ni^i(|L> ¥ff¥*SLPF«^S 

[ 0 0 2 9 ] 

\y y xm^ (omn o % . m 2 ]y y xm=?- h 2 (onm t. . ^ b u y xm^ l & (ommm t . 

[ 0 0 3 0 ] 

m 5 CD ^ )jt5 ffi (7) X - A u X 1^ (4 . mi^mti-^ ^ mm^mic ^ mi^micini'm^i^^frcn.y^ 

-7.^7.UyXt)^^rj:^mi ]yy Xm^ L 1 tyVXAicm^^t^^^PRt. t)^ <h m iS. 30 

^ns^i u^x^G r 1 ^wmicam^\^i^rcn.y^ 7.m^<Dm 2 uy xm^T- 

L 2 t:!i!S>i*{|iJlCtaffi^&iRittrciE^-X;?jXJgt»ccD^3 P^X^^L 3 i:^ *^e)fi§fi)t?n§ 

m21x>'Xg¥Gr2i:. igcDSTi:. Mei?Bt'c©^4U>X^^L4i:MIH]fl5tlc®^5U 

>xig?L 5 ii^ig-g-LT^^s^ 1 gi^i^vx^^D L 1 ^mis.'S ti^m 3 vyxmQ 

r 3i:. !K!li^|:{|iJtCiaffi%[pItt/-cIEp<-X*XJgt>c(Dm6U>X^^L6A^?>fllfiR;^n5^ 
4l-'>'XffGr4i:. *>5.«lfi5c^nTl/^Sc ^SlC. <IcDX-AU'>'X^(Dlg4U'>Xl^ 
G r 4 (Dmm^it. ^^WcI-^^X:7^';^^^^^ffi^■r5¥^f¥«L P FA^BBM^nTU^S 

o 

[ 0 0 3 1 ] 

c©x-Au>xi^tt. mmm^mm^mt-^fhmmim^^m.'ifkm^oyx-^y'^izm.x^x 40 

. mi U^XSf.G r 1 fiftStC^tbTH^^n. m2^>XPG r 2(i-H.{tffiiJ^^ffi)b 
fc T- «c flj -\ ^ tlj -r § J; 5 # ffjj a O U - > t>C © »l i» ^ fa T ^ K) L . ^ 3 U y X m 
G r 3(±, ^3 U>X?¥G r 3cD!fel#:{fliJ{cBB«^nfcgiO S Tt-i^ii^OtiJ^^PtCiK!) 
ft: fflij ^ 3^ ®J b . ^ 4 U^XPG r 4 «{5{S#|lltc^(RiJ^^i& b> ¥ f T ¥ *S L P F ti # iH 
*tbT@^^nTV^-5o 
[ 0 0 3 2 ] 

i^yxm^^tomcDo-^. m 2 u y xm^ L 2 (DM'm t . m 5 uy xm^ l 5 cd mmm t . 
me uy xm^L 6 (DM ma. ^ n^e nwmmm^^m i^r ^ o 

[ 0 0 3 3 ] 

m 6 CD mmmm<D X - y xjk It . mii-mfj^ iE>mm^mic^ ^wMiohts^innfrzM.^ 50 
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mvicom 4 uy xm^ L 4 i:MiHijBt>c©^5 u>x^?l 5 t^m-^Lx^j:^m 1 m-^u 
xmviome uyxm'fL 6 ^m^-^ n^m 4 uyxuc r 4 t. iij ea a * rsi 

/c^^^X;?77.^t^om7 U>X^?L 7;b^e,i|i^$n§^7 Uy XUG r 5 i:. ^^5.^ 
^^nrv^^o ^?>ti:. c<r)X-AV>'X3^0^4U>XffifGr40#lDlc{i. ^^Wp 

[ 0 0 3 4 ] 10 

eicDX-Au^xi^ti. m^m}^-.mmvimf3' i^m&mf^mm^m^(D X- ^ y -^'izmLx 
. m I uyxMG r 1 ii-Rmm^^mLrcmx'^i^m^mmr ^ ^ ^ mmicaou 1^ - 

y^com.m^m^^X^W}L. m 2 ly y Xm G r 2 li. m 2 \yy Xm-G r 2©%li*<RiJiCgaH 
ic^ffiy^i^SiL-. ^4 U^'XPG r 4 \tWnWW.l. P F i:i:t>ti:^Sfc*fUT@^^nT 
[ 0 0 3 5 ] 

w >' x^^ CD® CD 9 > m2u>x*?L2CDiiSffii:. m 5 \y y X L 5 <D mmm t . me 

[ 0 0 3 6 ] 20 

m 1 (ommmm<D X- y x%\t . mwmti-^mm^m\^. mmmmn'm \ \y y xm=7- 

L 1. yUXAlCffl^'T^^^SPR^Ttj^P.^fiitSn^mi lx>'X^G r 1 %{*{itcdb 
®^|n]lJfcIEp<::^X;«7Xfl5t»e©^2 l^^^X^^L 2 i:!|^«c{|iJlcaS>l:|pJtt^c*^-X;^X 

ff^4^0^3 Uy Xm^ L 3 i:. A>5.1«^$n;Slg2 U^Xe^G r 2 t . C (D m 2 U y X M 

?L 2 tmsuyxm^L 3<Dr^tcBHH$nfcgeD s Tt. Mi£bfl5 4^<Dig4 u y xm^ L 

4 t,^ P> m 1^-^ n ^ m 3 \y y X U G r 3i;. !l%tt:(PJjlCia®^|p]ttfcftp<-X;?77.?et»e«^5 
Uy Xm'^L 5 iiiO}^t>c©^6 lx:/X^?L 6*>e,fllfiSt^nS^4 UVXPG r 4 t 

. i3> ^m^-i£ o fE p>ic. !i(DX-2^uyx?(k(Dm 4 lyyxmc r 4 (ommicii. yt^ 

[ 0 0 3 7 ] 30 

c (D X- M.uy x^ii. mmmj^mm^mfi^ ^mmm}^mmi^m^<D X- 5. y ^izmLx 
. mi uyxmc r i ii.mmicMvxm^-^E m 2 uy xmc r zti. i^i^mmiovm^ 
m^^mh. m 3 u y xm G T 3 itm I) s T t-w trj: 0 is.i£ mmicmwm^^mv. m 

4 l^VX^G r 4 liW-nW-i&L P F ttfclCftffitC^tLTH^^SnTl^^o 
[ 0 0 3 8 ] 

u>x^?coMod-6. mi u>x^?L I (ommt. m 2 uy xm^ l 2 <o!\^i^mm. 
m 3 uy X L 3 (omm t . m 6 uy xmi^ l e ommm t . ^ti^'n$}pmmmvi^mLx 

[ 0 0 3 9 ] 

m 8 ©^ssj^^ox- A v>xi^(±. mitmit^ ^mmi^mic. mmmvi(Dm 1 uy xm^ 40 

L 1 . -/ U X A fc ffi ^ -r 5 ¥ IS P R 5. « ^ ^ n m 1 X G r 1 . mitMlcdh 
ffi^[S]tt/cIEp<-X;^jXJgt»ccD^2 UVXjg^L 2 i:!|%{*(P.iJlCfl®^lp]ttfcft^:^X;^X 

B^iom 3 uy xm"? L 3 io^ ^m^-^ ri^m 2 uy xmc r 2 ^0^2 uy xm 
?L 2 i:m3 u^x^^L 3 (Dmizmm-^E rtfzf^ s Ti:. Mtaf^t«com4 u^'X^^l 

4f}-^^mi^-^tl^m3lyyXmG r 3i;. f^i*ffiiJtC|Hl®^|p]ttfcM;'<::^X;<jXfBt>cC0^5 

bvxis^L 5 t . M am ^ com 6 uyxm^L 6f)^^mi&-^ti:i>m4 uy xm g r 4 i: 
. iE>mm.-^ n ^ o ^ . c © x — a > x © ig 4 u > x g r 4 o . 7t ^ 

[ 0 0 4 0 ] 

C <3D X- A >X3^{±. p. »«Mj^lEglt'cSI^<DX- ~ > y tC IS L T 50 
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[ 0 0 4 1 ] 

. m I i^yxmc r 1 « - a # fiy -\ k l t i^i ^* fy iH) -r ^ ft toc o co u - 

$ nfcg? D S T t i: ^ 0 {^mi^ te:!|i5j<*{|y'\i^Kj L . W, 2, U y Xm Q r 3 fi (5 
tCfi!{|!l'\^KlL. m4 Xyl/XmC r 4li2irf^3p^L P F i:i:t,t#®fc^\fLT®^^nT 10 

[ 0 0 4 2 ] 

ix>x^?oscDd-&. m \ xm^^ L \ (onm t . m z \y y xm^ l 2 ^^{i^mm. 
m z \yy Xh 3 (D-mmh. ^ q vy xm=?- l & (omm'^ t . =tn=€n^fmmm^^m\.x 

V S o 

[ 0 0 4 3 ] 

^ 9 <DmmW'm(r) X- L.\y y x^{i . mw-mti-^^mm^m^L. nmB'!^o:>m \ 1^ y xm=?- 

L 1, ^UXi^^^:ffla■r'5¥«PRi:*^5.1#fi5^^n^^l U'^XPG r 1 ^{i^m\z{h 

®^ip]itfciE^-x;?7Xfl5t»c<D^2 u>xm? L 2 ti^ <bmm.z n^m 2 vyxmQ r 2 n 

. m.^ s Ti:. !f%{4:{iytcia[B^[^itfcfe^^x*xjf^t(ciD^3 u>xm?L 3*>e)ii^$ 20 
ti^m 3 i^y xm G r 3 a. M amvi(Dm 4 uy xmT- 1 A-h^^mi^sn^mA uy xm 
G r 4 t. 'mi^micam^mi'frcM.y^-^:f]XjB'^(Dm5uyxm^L5. !i%{2^{iytci£ii® 
^miftziEyt ~7.i] T^mviom 6 uy xm^i e ^m^-^ n^m 5 uy xmg r 5 
f)^ ^m^-^ n ^ o $e>tc. ^ <D X- i.uy xjf:(om 5 u y xm G r 5 (Dmrnicii. 

[ 0 0 4 4 ] 

^<ox-K\yyx%it. mmmi^f^m^mti^ibmSim^^m^m^oyx- %y ■^\c^.\.x 

. ^1 i^yXmG r l{±#ffi{C?*LTia^^n. ^2U:/XPG r 2ti. i|ai*:fflytCifS<7)$li 

s Ti:-'(*t^o mwm^^W} L s ^ 3 u V xep G r 3 ti IS i^mmic 
^i^m^^m L . m 4 i^y xm g r 4 it isi is mm m it m l . m 5 uy xmG r 5 so 
(4¥fT¥*gL p F i: t ^icmmicn hx m^-£ nx ^ . 

[ 0 0 4 5 ] 

i^^^x^^offio^-fe. ^1 u>xm?L ] (Dm^ t . m 2 uy xm^ L 2 (omitmm. 
m 3 uy X L 3 (omm t . ^ e y xm^ l e (ommim t . =tn=en^^mmm^^m\.x 

[ 0 0 4 6 ] 

[ 0 0 4 7 ] 40 

X ^ ^ -g- 46 /£ ffl ft g H -r- § o # . iy ^ )l' ti :^ ^ X 'iSt^ (O V y X y ^ y ^ — ^ X (D 
y^)\^2^t]:A'7(Di:oK. 7^McD7^[oi^^M-r?.c:i;^<X— AU^X^Slc^sn^U^ 

\z ^ n ^ X - K \y y x% (D m ^ wm (o m fi^ti^ ^ ^^m^ ^ X (D ^ X mn±.\k^-^ 

n?)o jfi^OJlft^?tc>i-*-r§^iiii^ft{cf*i.v Jlft^Hoi|2MISiE^-^;l'*> 

fRii«a^ti:ip]±LTv^:i)o ^(orob. m'^'^m^c^ ^ X- L.\y y x%(o \y y xm^<Dm. 
^i>mx-r ^~y^x ^ K> . ^^i^m^ (\^^t>i^ ^ttrnv^m:) x uy xm^<Dm^(Drcif>m 
m^mf&T ^ c t ti^mmicrj: ^ X ^ o 

[ 0 0 4 8 ] 50 
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m ID mi'f ^ m fiS. ^ m m -r ^ c tic ^ 4^i^mm\cii.m^^m(om-^y5\^<D±^ ^mi^ 

!f^3 # dij © U > X ;^)^ & S I* S ^ T- to # $ ^ T /J^ $ < -r § C t ff-^mictj: :^ rc ib . ffl ft S S 

ts-^ t:> ^ ^ c t t ^ Tc tb . ^fs^m^icmmt ^ c tti^T^ . mmmmcots ^fs: ^ 
m ^ m f&-r ^ c t ti^ T ^ ^ c 

[ 0 0 4 9 ] 

rem I xmc r i ^H^icmm-t ^ n tic o . mm^m<om-^:^\iii(o±'^ ^^m^i^ic lo 
•r § c t pj ic 5 o 

[ 0 0 5 0 ] 

"p-r < . mmm'?icyt^m^i^fjS.-r ^rctb<D^^^iCiB'mr£mmi' h V '^^^m 
^■r ^ n t ij^^ m ic rj: 0 m ^ L o 

[0051] 20 

Kmmii. ( a ) p^^^Km^ V X (mmmm) . (b)Sffisi<f/uxA. coi^gp 

;KI>f¥S^^-. (d) mmKM ^ ^ - . ^D^^■rn%}«fflLTtJ:V^;b^ (a) rtgPSI^ 
y"JXA*"5«JlT'^5o rtgPS*r7"';XA^^gffl-r5Ci:{cJ;»?, JKgi^T^^^yuXAOiK 

^^i:LTrtg|5SI>fX'JXA^JlfflLfcJt-&. T^^WlC^fifi^lS^^. <tOn>/';^'h^ 
[ 0 0 5 2 ] 

RmM^fH^s.mx V xi^xmi&-r ^m^. x v XL,(DMmii., i^lt <D0ki^^m&-r ^ n 

i: $ Ll/^'o 30 
[ 0 0 5 3 ] 

Np^l. 55--- - (1) 

N p lix V X M.<Dun<Dminm. 

[ 0 0 5 4 ] 

[ 0 0 5 5 ] 

^ 5 Jc. ± 12 15 ffl ftp A T T <D IB H 5 C i: *^ jjf * L o 40 
[ 0 0 5 6 ] 

Np^l. 7 ' ■ ■ • (1)' 

^)5igff^®T{±. :/UXAcDAI«f®i:m*fB{±v^-rnt¥ffi-efe5;b^ /W->g:Jto®T'$. 

O T t J; t^ o 

[ 0 0 5 7 ] 

JS*tBcfcD. tli*0iJ(±l*5?Olx>'Xm?-e«^^nTV^§cli:;6^M$Lv^o ^IgfrtSPlc 



(10) 
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[ 0 0 5 8 ] 

uvx^G r 1 icii K mm ti^ ^ ^ n r ^ tz ib . ^i!l^-(i^h:^^^x■-^-x%<t^®t•r 

^ i. c i: -e ^ iff ^ L o ^fz. mmmfiS.^mmit-r ^ c tti^i: ^ . mmmm^^ms: 
m-t ^mi^^mm-r ^ n t iz X <:> . wicr'i^ i$i lasi^r . x~ L.m^mm<D :j > 

[ 0 0 5 9 ] 

^m^mmm(ox~ L.uy x^it. ^iD^^u-^m-r^mii^yxmcr i icm.< ^ u 

[ 0 0 6 0 ] 
[ 0 0 6 1 ] 

^ ^ ?i lit © ^ jg: s -r :^ ^ ^ 14 fig . /Jn sy <D m ;S e. cfc M s c i: « i/^ 

5 S T' t ^ (/^ o 
[ 0 0 6 2 ] 

^IISIifl^^«DX-i*U>X?^{i. J-XTO^{^l=^rSSS-r§ci:*^a$Lu>o 
[ 0 0 6 3 ] 

0.5 < Ifl / f2| < 5----(2) 
fc L , 

f 1 U>XPG r \ (Om^mm. 

f 2 :^2lx'>'X^G r 2<Dm^^m. 
-e ^ § o 
[ 0 0 6 4 ] 

(2) ^1 U>XPG r l7b^ft(D/W-^^L. m 2 Vl/ XUQ r 2 3b^ftOD/^'7 

- ^ w T ^ It /lit ( ^ij ^ «\ mmm \ nm 5) tc ^ t . ^ i u > x g¥ g r i tm 2 i^yx 

S¥G r 2<DMSLV^:^.*Sg^l:b^Sa^LTV^§o (2) cDTIl^^;^i.i:. ^1 ^> 

XPGr \ <D m ^^mti^m. < K) -t € ^ Tc tb . ^ftiRM (1ttC«^mj^£§lltWST-C)^co 

) <D Aim^m^ ^ t . m \ \y y xm Q r \ (d m ^^mtf < 'o r ^ ^ tc . m \ i^y x 

f^G r l©*(D/^'7-*'«||<^i9. Hi \yy XmG r l<DU>XS©li:;*C%ffi<Ci:tC^ 
[ 0 0 6 5 ] 
[ 0 0 6 6 ] 

1.5 < |fl2w| / fw < 4----(3) 
rc L , 

f 1 2w : mL'm.m^mm^mx-(r>m \ u^xmc r i i:^2u>xPG r 2 (d-^^mmss. 
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T' § o 
[ 0 0 6 7 ] 

(3) (i. mi Uy Xmc'r l*^fttD/W-^'frL. m 2 XmC r 2*'5m(D/'?7 

mC r 1 tmzix^^XPG r 2 (D ^ I^M J^mMiC M T ^ T ^ ^ o (3) 0±|5fi;& 

mi UyXUG r 1. m 2 lyy Xm G r 2(D^fi)tM;^ggiSIA<ft<^C)-rr5tD 
T-^«;<)'«ti;^-r§ti:felC. ^1 XmC r 1. ^2U>XafG r 2®^fi)c/-^y-7b'«gi 

*^ffliittc^5c mic. ( 3 ) (DTm^m^^ t. m i u^xmc r i . n 2 U'^xsf 10 

G r 2 CD i^m j^^mmiim < 0 -r 'M' ^ (D -v . mmmj^..mmvimTm I uyxmc r 1 t 

m 2 U^Xmc r 2Tfl3t-r§a«D3lfflJlXM*'«:*C^<^D-r€T^iiEA^ffllilc:^§o 
[ 0 0 6 8 ] 

[ 0 0 6 9 ] 

0.4 < |fl2w| / f3 < 1.5----(4) 

f 1 2w : «^mjSIEglt*cMt?tO^ 1 L^^^X^G rl tm 2 UVXSfG r 2 (D^^Mi^m. 

m. 

{ 3 : m 3 xm G T 3 (OMj^^m. 20 

T ^ o 
[ 0 0 7 0 ] 

( 4 ) {i 1 U>X^ Gr lA^ftO/W-^'Sb. ^2 Uy Xm G r 2 

- ^ w -r ^ IS ^ ( ^ . mmm I nm 5 ) lasi^x . mmmj^^m^mv(Dm i uy x 

mc r 1 i:m2^>X^G r 2 (D i^M j^^m t m 3 u y X m (D M j^^M CO m ir ^ ^ 

#T$)§o (4) co±|5g^M^^i:. Hi ^>'Xi¥G r 1. H2^>X^G r 2(D-a' 

fig|R^8g8t*'«ta*tfl^fc«<^SCli;^«iftLTV^So H <D fc ib . (4) ©±IS«:S;^ 

5 t . tB Bfi {4 ffi fflij 5^ as -r ^ ci i: f? ^ L < ^ o . ^ ( 3 ) ® T PS ^ 
^^^i:. Hi UyXS¥G r 1. H2^yXS¥G r 20^fig^.'±lEgi§l*<^<^t)-rr^(7) 

mmmAmmvimr-m I u>xpg r i i:m2 uvxpg r 2T?fi^-ri)^osffiiix so 

[ 0 0 7 1 ] 

2<|fl/'fw|<4 (5) 

[ 1 : m I uy xmcoMs^mm. 

fw :ifel^(D/£ft«T'0^j^]EiiSi. 
T' S § o 
[ 0 0 7 2 ] 

(5) (i, Hi U>XS¥G r l;?3^mo^-^y-^WL. H2UyXSfG r 2A'<IEO/'^ 

u -^m-r <:m?iii. mmm6Tbm9) ^c*5^^r. hi i^yxmc r i 40 
mj^mm^m^hr ^ . (5) (D±ii%@^^i:. hi uyxmG r 1 (D^.^ssg 

$<-ri><li:A^-e#-rSSL<=&t/^o Src, HlU^Xe^Gr lom<OA'7-;^)"«gi<^0 
■r^SOT-Hl ^>X1¥G r l^«lfi!c-rS^yX5^@*^:^^<^0n y/V^ h :S:X - A U 
>XI^>S:ii^-r§Ci;*^T#^<J3:§o i3*(c^f^^ (5) ©TK^S^i-i:. Hi U y X 
PGr 10M*Sg^;b^^<;5:D-rr /£ftSStC«3V^THlU>XefGr IT-fg^-T 

[ 0 0 7 3 ] 

^^]!i^B^BS|;gr^^LTv^^:&^>xp«. xmytm^Mifxic ^ t^Mi^-^-^^mifrmi^yx 

m^^minm^mir ;bmm..m±(D^mr'm\^i3^nt>ti^ ^ -xcDiyy x:> (d^ so 
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^uyxm^mi^Lx^^i^^o 

[ 0 0 7 4 ] 

I mm mi 

. ^^m^mmLrzmmmmic^^n^ X- xm<DmiiS.m^ s n>xh^^-> 

mm 1 7bS4 tt. mi I. rem i n^m 9 (ommmm^^t n^e nnm\^x is k> 1 jsm^q 
©^sisfl^Hg^&^-r u-^xiifiicia (laijiSQ) ^js-r s^issfi^j 1 ti/M 9 o u 10 

[ 0 0 7 5 ] 

#^]5i«^J^D3^^7.hv^>'3>'f'-^ti:fcV^T, ri (i = 1. 2, 3. . . . ) 

itmwmti^ ^m^x i ^m<o^(o^m^m imm^ ^ d i (i = 1.2.3... 

. )«'t^i*ffliJ*^5l&;^Ti#g©$|ll±ffi^|Si(mm)^^LT*5D,Ni (i = 1 
. 2.3....),vi(i = 1.2,3....)a!|^f*tJ*^e.t!{^TiS@CD 
Tt^M^cOdlStCi^-rSHJlf^ (Nd) . 7 -y -<m. (vd) >&^LTi,^?,o *fc. n^x 
h ^ ^ 3 > i5f tt" . X-^ >'^tcav^T^{t:-r §*tl±ffiP^Pi(i. « ^ US tic ( 

iSftiS. w) ~4'P^^^^sit»c^ (^K;^. M) -mmm^^m^m (MiSis> t) t-o 
"^^f^m^om^^s-r o ^m^.^m-mm i^N) , (m), (Dic^fS-rs^s^o^^^sgiat 20 

(f, mm) ^XSY-f-yf'^- (FNO) ^ m<D - if t ^ it X ^^t o 
[ 0 0 7 6 ] 

jf^t*c^s-rj-;iTiDi»: (A s) x'^m.-^ ^ CO ht ^ o ^nmmco^^'mm'f—'^^mnT' 

- 9 tm^Xfrs-^o 

[ 0 0 7 7 ] 



(13) JP 2004-37925 A 2004.2.5 

Z(h)=r-(r*2-a«li*2)*l/2+(A4*H*4fA6*H*6+A8*H*8+-) (AS) 
r : #^®C03fii|ttffi^iisS, 
e : flP3^®C. 

Ai : i¥mm(Di:k(Dmmmwi. 
<mmn 

f = 5.1 - 8.9 - 14.7 10 
Fiio.= 2.16 - 3.04 - 4.10 

mm^mi [«i±ffiKBi] [fiSf^CNd)] [7y^mvA)i 

rl = 17.931 

dl = 1.000 HI = 1.82302 vl = 36.21 

r2 = 10.890 

d2 = 3.800 

r3 = 00 20 
d3 = 12.400 N2 = 1.84666 y2 = 23.82 

r4 = 00 

d4 = 1.500 - 3.379 - 1.696 

r5*= -436.249 

d5 = 1.000 K3 = 1.65461 v3 = 46.54 

r6*= 5.978 

d6 = 1.270 30 

r7 = 10.014 

d7 = 1.656 N4« 1.84666 v4 = 23.82 

r8 = 33.402 

d8 = 11.535 - 4.725 - 1.020 

r9 = 00 

d9 = 0.600 

rlO= 6.649 

dlO= 6.427 N5 = 1.75450 v5 = 51.57 



rll=^7.769 

dll= 1.000 

rl2«= 30.896 

dl2= 2.020 

rl3*= -21. 319 

dl3= 3.778 

rl4= -5. 800 

dl4= 2.804 

rl5=-11.316 

dl5= 0.800 

rl6= -32.669 

dl6= 0.100 

rl7= 00 

dl7= 2.000 

rl8= 00 
r5* 

E = 0. lOOOOOOOlHOl 
A4 = -0. 95247363D-05 
A6 = -0.44499878D-05 
A8 = 0.20201509]>-06 
A10= 0. 15630434]>-08 

E = 0.10000000IHO1 
A4 = -0.44138182D-03 
A6 = -0. 17905680D-04 
A8 = -0.12106726D-06 



(14) 

N6 = 1.84666 
8.365 - 14.584 

N7 = 1.52510 
1.390 - 0.560 

N8 = 1.48749 

N9 = 1. 51680 



JP 

v6 = 23.82 
v7 = 56.38 
v8 = 70.44 
v2 = 64.20 



(15) 
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A10= 0.25333947D-07 
rl3* 

£ = 0. lOOOOOOOD+01 
A4 » 0. U420046D-02 
A6 = 0.61304067D-04 
A8 = -0.24678605D-05 
A10= 0.38078g80])-06 

rl4* 

e = 0. lOOOOOOOIHOl 
A4 = -0.17175253D-02 
A6 = 0.35415900D-04 
A8 = -0.51967472D-05 
A10= 0.10804669D-06 

f = 5.1 - 8.9 - 14.7 
Fno. = 2. 16 - 2. 97 - 4. 10 

rl* = 77.048 

dl = 1.000 

r2 = 10.412 

d2 = 3.701 

r3 = 00 

d3 = 12.400 

r4 = oo 

d4 = 0.200 

r5 = 12.063 



10 



20 



[M*f¥(Nd)] LTy^mvi):\ 

30 

Nl = 1.66602 vl = 30.12 



N2 = 1.84666 v2 = 23.82 
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d5 = L645 N3 = L 84898 y3 = 33.15 
r6 = 22.797 

d6 = 2.045 - 5.298 - 3.490 



r7*= 74.513 
r8*= 6.297 
r9 = 7.766 
rlO= 10.311 
rll= 00 



d7 = 1.000 N4 = 1.52510 v4 = 56.38 
d8 = 1.041 

d9 = 1.464 N5 = 1.79850 v5 = 22.6 
dlO= 13.841 - 5.438 - 1.000 



rl3= -10.215 
rl4*= 18.124 
rl5*=-23.464 
rl6 =-6.333 
rl7 = 14.316 
rl8= 10.360 
rl9= 00 



10 



dll= 0.600 

rl2= 6.616 20 
dl2= 5.892 N6 = 1.75450 v6 = 51.57 



dl3= 1.000 N7 = 1.84666 v7 = 23.82 
dl4= 2.079 - 8.055 - 15.451 

dl5= 3.400 N8 = 1.52510 i/8 = 56.82 30 

dl6= 2.476 - 1.650 - 0.500 

dl7= 1.000 N9 = 1.84833 v9 = 29.89 

dl8« 0.907 

40 

dl9= 2.000 N10= 1.51680 vlO= 64.20 



r20= 00 



E = O.lOOOOOOOE+01 
A4 = 0. 63638407E-04 
A6 = -0.36516691E-06 
A8 = 0.15861666e-08 

r7* 

e = 0. lOOOOOOOE+Ol 
A4= -0.63173747E-03 
A6= 0.42880271E-04 
A8 = -0.13655536B-05 
A10= 0.17341485E-07 

tE$ 

B = 0. lOOOOOOOE-tOl 
A4 = -0. 78352207B-03 
A6 = 0.45124782E-04 
A8 = -0. 17639048E-05 
A10= 0.22553499E-07 

rl5* 

E O.lOOOOOOOE+01 
A4 = 0. 10864595E-02 
A6 = 0.63616957E-04 
A8 = -0. 36734216E-05 
A10= 0.41688467E-06 
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rl6* 

£ = 0. lOOOOOOOB+Ol 
A4 = -0.14356439E-02 
A6 = 0.25426605B-04 
A8 = -0.32121190E-05 
A10» 0.953029240-07 



r2 = 19.552 
r3 = 00 

r4 = 00 



d2 = 0.900 

d3 = 8.000 N2 = 1.84666 v2 = 23.82 



r6*= 4.357 
r7 = 7.895 
rS = 21.921 

r9 = oo 



d6 = 1.021 

d7 = 1.6000 N4 = 1.84666 v4 = 23.82 
d8 = 10.752 - 3.530 - 0.969 



10 



f = 4.5 - 7.9 - 12.9 
Flio.= 2.1-2.8-3.7 

mm^mi [js^f^CNd)] iry^mvi)] 

rl = 4101.218 

dl = 0. 700 Nl = 1. 78589 v 1 = 44. 20 20 



d4 = 1. 000 - 3. 596 - 1. 000 
r5*= 56.521 30 
dS = 0.800 N3 = 1.57501 v3 = 41.49 



40 



d9 = 0. 650 
rl0=5.274 

dlO= 4.755 

rll=-9.977 

dll= 0.010 

rl2=-9.977 

dl2= 0.800 

rl3«=15.094 

dl3= 2.179 

rl4*=-25.000 

dl4= 3.200 

rl5*= -5.767 

dl5= 1.453 

rl6= 10.099 

dl6» 0.983 

rl7= 6.767 

dl7= 0.948 

rl8= 00 

dl8= 1.500 

rl9= oo 
r5« 

E = O.lOOOOOOOB-KJl 
A4 = -0.44053024E-03 
A6 = -0.4S582866E-04 
A8 = 0.56807258E-05 
A10= -0. 21748168E-06 
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N5 = 1.75450 v5 = 51.57 

N6 = 1.51400 v6 = 42.83 

K7 = 1.84666 v7 = 23.82 lo 
7.261 - 12.815 

N8 = 1.52510 v8 = 56.38 
0.996 - 0.600 

20 

N9 = 1.70055 v9 = 30.11 



N10= 1.51680 vl0= 64.20 

30 



40 



E = O.lOOOOOOOE+01 
A4 = -0. 19077667E-02 
A6 = -0.45431102E-04 
A8 = -0.17609821E-05 
A10= -0.26911785E-08 

rl3« 

£ = O.lOOOOOOOE+01 
A4 = 0.24256912E-02 
A6 = 0.13113475E-03 
AS = -0.19935678E-05 
A10= 0.20427432E-05 

rl4« 

E = 0.10000000E4O1 
A4 = -0.76241384E-03 
A6 = -0.45684352E-04 
A8 = 0.74367662E-05 
A10= 0.17395830E-06 

tl5* 

B » 0. 10000000E-K)1 
A4 = 0.16617833E-02 
A6 = -0.97370809E-04 
A8 = 0.83998804E-05 

f = 4.5 - 7.6 - 12.9 
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Fno.= 2.1 - 2.8 - 2.97 

mm^m'] m±mmm] mmmm)i iry^mvi)] 



rl = -25.000 
r2 =-115.843 



dl = 0.800 Nl = 1.63980 vl = 34.55 



d2 = 0.100 

r3 = oo 10 
d3 = 9.200 N2 = 1.84666 v2 = 23.82 



r4 = oo 
r5*= 21.359 
r6*= 5.824 
r7 = 14.337 
r8 = 52.503 
r9 = 00 



d4 = 1.000 - 4.551 - 2.772 

d5 = 0.800 N3 = 1.83400 v3 = 37.15 

d6 = 3.352 20 
d7== 1.500 N4 = 1.84666 v4 = 23.82 
d8 = 12.765 - 4.785 - 0.910 



d9 = 0.700 

rlO= 12. 888 30 
dlO= 2.200 N5 = 1.75450 v5 = 51.57 



rll= -36.914 
rl2= 4.598 
rl3= 181.628 
rl3= 181.628 



dll= 0.100 

dl2= 3.800 N6 = 1.48749 v6 = 70.44 
dl3= 0.010 N7 = 1.51400 v7 = 42.83 



40 



10 



(22) JP 2004-37925 A 2004.2.5 

dl4 = 1.000 N8 = 1.84666 v8 = 23.82 
rl5«= 3.955 

dl5= 1.500 - 6.298 - 12.506 

rl6« = 10.062 

dl6= 2.000 N9 = 1.48749 v9 = 70.44 

rl7*=-8.840 

dl7= 1.472 - 1.104 - 0.600 
rl8= 00 

dl8= 1.700 N10= 1.51680 vlO= 64.20 

rl9= oo 
r5* 

E = 0. lOOOOOOOE+01 20 
A4 = 0.28920160B-03 
A6 = -0.24770223E-04 
A8 = 0.40226114E-06 

r6* 

£ = 0. lOOOOOOOE+01 

A4 = -0. 28416506E-03 30 
A6 = -0. 39127534E-04 
A8 = 0.10049102B-06 

rl5* 

c = O.lOOOOOOOE+01 

A4 = 0.22971891E-02 

A6 = 0. 61362182E-04 40 

A8 = 0. 38054044E-04 



(23) 
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rl6* 

£ = 0. 10000000E-K)1 
A4 = 0.29657551E-02 
A6 = -0.32988137B-03 
A8 = 0.18146796E-04 
rl7« 

E = 0.1000O000E4O1 
A4 = 0.65616586E-02 
A6 = -0.68518707E-03 
A8 = 0.33543925E-04 

f = 4.5 - 7.9 - 12.9 
Fllo.= 2.1 - 2.89 - 3.8 
[tt^^S] [JSSfi^CNd)] 



rl = 16.688 
r2 = 7.343 
r3 = oo 
r4 = 00 
r5*=164.473 
r6«= 4.995 
r7 =10.132 



dl = 0.800 
d2 = 2.500 



Nl = 1.54072 



vl = 47.22 



d3 = 8.400 N2 = 1.84666 v2 = 23.82 
d4 = 1.500 - 2.971 - 1.500 

d5 = 0. 800 N3 = 1. 62004 v 3 = 36. 26 
d6 = 1. 353 



10 



20 



30 



40 



(24) JP 



d7 = 2.267 N4 = 1.84666 v4 = 23.82 
r8 = 69. 912 

d8 = 11.101 - 4.724 - 0.862 



r9 = 00 
rlO= 5.681 
rll= -10.007 
rl2 =-10.007 
rl3«= 13.518 
rl4*= 72.616 
rl5*=-8.793 
rl6= 00 



d9 = 0.650 

dlO= 5.504 N5 = 1.75450 v5 = 51.57 

dll= 0.010 N6 = 1.51400 v6 = 42.83 

dl2= 0.800 N7 = 1.84666 v7 = 23.82 

dl3= 1.987 - 8.774 - 14.499 

dl4^ 3.700 N8 = 1.52510 v8 = 56.38 

dl5= 3.078 - 1.197 - 0.806 

dl6= 1.500 N9 = 1.51680 v9 = 64.20 



r5* 

E = 0. 10000000E4O1 
A4 = -0. 50212557E-03 
A6 = 0.58262738E-04 
A8 = -0.45960476B-05 
A10= 0. 10745067B-06 

r6* 



(25) 
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E = O.lOOOOOOOE-HOl 
A4 = -0. 17341477B-02 
A6 = 0. 76117570B-04 
A8 = -0. 99234139E-05 
A10= 0.25780579E-06 

rl3* 10 
E = 0. 10000000E4O1 
A4 = 0. 22365769E-02 
A6 = 0.79579971B-04 
A8 = 0.53500363E-05 
A10= 0.10651891E-05 

rl4« 20 
E = O.lOOOOOOOE-fOl 
A4 = -0.74920S77E-03 
A6 = -0.44003627E-04 
A8 = -0.46232075E-05 
A10= 0.52351697B-06 

rl5* 30 
E = 0. lOOOOOOOE+Ol 
A4 = 0.27419718B-03 
A6 = -0.15545535E-03 
A8 » 0. 68734468E-05 



f = 5. 1 - 8. 9 - 14. 7 
Fno.= 2.24 - 2.98 - 4.10 



40 
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cftsfs^g] [fii±ffip^i©] immmm)} iry^mvi)i 

tl* = 17.487 



r2 = 10.704 
r3 = 00 
r4 = 00 
r5«= 213.855 
r6*= 5.360 



dl = 1.000 Nl = 1.733922 vl = 29.35 
d2 = 3.877 

d3 =12.400 N2 = 1.84666 v2 = 23.82 
d4 = 1.500 

d5 = 1. 000 N3 = 1. 61203 v 3 = 52. 33 



r8 = 23.872 
r9 = 00 

rlO= 6.464 
rll=-7.306 
rl2«= 33.980 
rl3*= -17.735 
rl4«= -5.800 



10 



d6 = 1.317 

r7 = 9.257 20 
d7 = 1.649 M = 1.84666 v4 = 23.82 



d8 = 12.037 - 4.771 - 1.000 

d9 = 0.600 

dlO= 6.219 N5 = 1.75450 v5 = 51.57 30 

dll= 1.000 N6 = 1.84666 y6 = 23.82 

dl2= 2.038 - 7.101 - 13.534 

dl3= 3.475 N7 = 1.52510 v7 = 56.38 

40 

dl4= 2. 546 - 1. 749 - 0. 500 



(27) 
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rl5= -10.504 



dl5= 1.000 



N8 = 1.48749 



v8 = 70.44 



rl6= -32.714 



dl6= 0.109 



rl7= 00 



dl7= 2.000 



N9 = 1.51680 



v9 = 64.20 



rlB= 00 



10 



r5* 

e = 0. 10000000E-K)1 
A4 = -0. 17088362E-03 
A6 = -0. 59468528E-06 

A8 = 0. 17670065E-06 20 
A10= -0.21232398E-09 

r6* 

E = 0.10000000E-K)1 
A4 = -0.78520204E-03 
A6 = -0.18852025E-04 

A8 = -0. 22264586E-06 30 
A10= 0.62844746E-08 



(28) 
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rl3* 

E = 0. 10000000E-K)1 
A4 = 0. 12126439E-02 
A6 = 0. 68g304g5E-04 
A8 = -0.29394404E-05 
A10= 0.46789735E-06 

rl4* 

e = O.lOOOOOOOE+01 
A4 = -0.16889906E-02 
A6 = 0.41032113E-04 
A8 = -0. 67973071E-05 
A10= 0.22276351E-06 



7» 

f = 5.8 - 11.6 - 16.7 
Fiio. = 3. 60 - 3. 60 - 3. 66 

[ffi^^H] [ttl±MMH] 
rl* =-11.725 

dl = 1. 200 

r2* = 13.872 

d2 = 1.410 

r3 = 00 

d3 = 7.000 

r4 = 00 

d4 = 22.033 - 

r5 = 6.671 

d5 = 2.562 

r6 = 35.072 



[M^^(Nd)] 
Nl = 1.49310 



N2 = 1. 84666 
8.278 - 0.600 

N3 = 1.75450 



vl = 83.58 



v2 = 23.82 



V 3 = 51. 57 



10 



20 



30 



40 



d6 = 0.600 
r7 = 00 

(17 = 

r8* = 18.236 

(18 •■ 

r9« = 8.198 

d9 ■■ 

rlO = 39.487 

dlO 

rll = -13.184 

dll 

rl2 = 21.757 

dl2 

rl3 = 9.428 

dl3 

rl4 = 10.828 

dl4 

rl5* = -70.639 

dl5 

rl6 = 00 

dl6 

rl7 = oo 
rl* 

E = O.IOOOOE+Ol 
A4 = 0. 39770E-03 
A6 = 0.48251E-05 
A8 = -0. 13574E-06 
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0.600 

0.800 N4 = 1.84666 v4 = 23.82 

7.034 - 16.244 - 14.414 lO 

2.334 N5 = 1.49310 v5 = 83.58 
■■ 3.125 - 7.669 - 17.177 

0.800 N6 = 1.84666 v6 = 23.82 

20 

■■ 0.175 

2.272 N7 = 1.50467 v7 = 59.44 
■■ 1.665 

•■ 2.000 N8 = 1.51680 v8 = 64.20 30 



40 
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A10= 0.82447E-09 



r2* 
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